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Description 

BACKGROUND OF THE INVENTION 

5 The present Invention relates to novel preparations of osteogenic factors, methods for their Isolation and uses 

thereof (to repair bone defects). The preparations so Isolated exhibit the ability to promote or stimulate the fomoation 
of bone at the site of their application. Bone is a highly specialized connective tissue with unique mechanical properties 
derived from its extensive nnatrix structure. A network of fibrous bundles composed of the protein, collagen, is presumed 
to provide the tension-resistant behavior of bone. In addition, other materials including proteoglycans, noncoilagenous 

10 proteins, lipids and acidic proteins associated with a mineral phase consisting prinnarily of poorly crystallized hydroxya- 
patite are deposited in the extensive matrix architecture of bone. Bone tissue is continuously renewed, by a process 
referred to as remodeling, throughout the life of mammals. This physiobgic process might serve to maintain the prop- 
erties of a young tissue. 

The processes of bone formation and renewal are carried out by specialized cells. Osteogenesis vis-a-vis mor- 

is phogenesis and growth of bone is presumably carried out by the "osteoblasts" (bone-forming cells). RerTKXieling of 
bone is apparently brought about by an interplay between the activities of the bone-resorbing cells called "osteoclasts** 
and the bone-forming osteoblasts. The boney skeleton is thus not only an architectural structure with a mechanical 
functbn but also Is a living tissue capable of growth, modeling, remodeling and repair Since these processes are 
carried out by specialized living cells, chemical (pharmaceutical/hormonal), physical and physicochemical alteratbns 

20 can affect the quality, quantity and shaping of bone tissue. 

A variety of pathological disorders as well as physical stress (for example, fracture) necessitate active formation 
of bone tissue at rates that are significantly higher than that which can be supported by the normal milieu of the body 
It is thus of value to identify physiok>gtcaIly acceptable substances (hormones/pharmaceuticals/grovyth factors) that 
can induce the formatbn of bone at a predetermined site where such substances are applied, for example, by imptan- 

2S tation. Such agents could either provide a permissive matrix structure for the deposition of bone-forming cells, or stim- 
ulate bone-forming cells, or induce the differentiatbn of appropriate progenitors of bone-forming cells. 

The presence of proteinaceous and prostaglandin-like growth stimulators for osteoblasts has been examined, see 
reviews: Raisz, L.G., et al., The New England Journal of Medicine. Vol. 309, No. 1, pp. 29-35 (1983) and Raisz, LG.. 
et al., The New England Journal of Medicine, Vol. 309. No. 2. pp. 83-89 (1983). 

30 The observation that a bone graft from the same individual or a compatible individual leads to the formation of new 

healthy bone at the site of the graft, led to the hypothesis that bone contains active proteins which promote bcal 
osteogensis. Urist, et al. disclosed evidence that bone matrix-associated noncoilagenous proteins can be isolated by 
dissociative treatment of demineralized bone powder and that this mixture of noncoilagenous proteins contain the local 
osteoinductivecapability which was designated by Urist (e.g., Science, Vol. 150, p. 893 (1965)) as bone morphogenetic 

35 activity, 

A variety of osteogenic, cartilage-inducing and bone-inducing protein preparations have been described in the art. 
Urist, etal. and others have described various partially fractbnated protein preparations with osteoinductive properties. 
These preparations are fractionated from the noncoilagenous protein mixture extracted using different dissociative 
treatment of demineralized bone powder and subjecting the extract to varbus protein f ractionatbn steps. Several such 
preparations have been characterized by different assays to determine their bblogical activities and by protein com- 
ponents identified using different standard protein analytical methods. 

Urist, et al.. Proceedings of The Society for Experimental Bblogy And Medicine. 162 , pp. 48-53 (1979). disclosed 
isolation of bone morphogenetb protein (BMP) from demineralized rabbit bone matrix. The reference discloses that 
BMP appears to contain a multitude of major protein components having nrx>lecutar weights in the range of between 
^ 94,000 daitons (94K) to less than 14,000 daltons (14K) based on reducing SDS polyacrylamide gel electrophoretic 
(SDS-PAGE) analysis. 

Urist. et al. in Proc. Nafl. Acad. Sci. USA, Vol. 76, No. 4, pp. 1 828-1 832 (April, 1 979), disctosed another preparation 
of BMP obtained from demineralized rabbit bone matrix. Five protein fractions each characterized by having a major 
component with an apparent molecular weight of 94K. 68K. 43K, 21 K and 14.3K were identified by subjecting these 

50 preparations to SDS polyacrylamide get electrophoresis. All five protein preparations were eluted from a get column 
with a-methytnnannoside. Four of the five preparations, namely those with major components of nnolecutar weights 
ranging from 68K to 1 4. 3K were eluted with ethylenegtycol and two preparations, namely those with major components 
of molecular weights from 21 K and 14.3K were precipitated with calcium phosphate. All three groups of etuates were 
found to have comparable BMP activity. The reference suggests that the BMP activity in the third group (the preparations 

55 characterized by major comporients of 21 K and 1 4.3K proteins) may result from dissociation of a low molecular weight 
hydrophobic molecule carried by a glycoprotein. The reference suggests the alternative possibilities that BMP could 
be a single glycoprotein molecule, that the biologic activity may be a function of a protein aggregate or that BMP activity 
may not b associated with bone glycoprotein at alt (pg. 1 831 ). 
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Ur^st, U.S. Patent No. 4,294,753, disclosed that the motecutar weight of BMP may range between about 20K and 
63K (col. 4, lines 45-61). Th referenc disclosed that BMP preparation isolated from rabbit dentin nr^atrix protein 
mixture appears to hav a major component with a molecular weight of about 23K. Because a protein fraction obtained 
from osteosarcoma cells has a molecular weight of 63K, it was suggested that the matrix fr e 63K protein may be a 
5 BMP precursor. 

Hanamuraand Urist, et aL. Clin. Ortho. and Rel. Res., No. 153, pp. 232-240 (November-December, 1980), dis- 
closed the purification of osteosarcoma produced material with bone morphogenetic activity into three main fractbns 
characterized by having a major component of nrralecular weight of 16K, 12,5K and 7K, respectively. Fractions char- 
acterized by a nnajor component with a higher molecular weight including a 22K protein were observed during initial 
10 purification steps; active fractions purified from such preparations did not contain the 22K protein. Based on these 
results, the 12.5K and 16K proteins were tentatively identified as. BMP. 

Conover and Urist. et aL, The Chemistry and Biology of Mineralized Connective Tissues, Elsevier North Holland, 
Inc., Arthur Veis, editor, pp. 597-606 (1981 ), discloses the isolation of a BMP fraction from demineralized rabbit dentin. 
Preparations containing proteins having average nrK)iecular weights of 30K. 23K. 18K. 15K and 12K were identified. 
IS While it was suggested that a 23K protein might represent the active BMP fraction, it was acknowledged that the active 
fraction might be the 18K, 15K or 12K proteins which they were unable to separate from the 30K and 23K fractions. 

Farley et al.. Biochemistry. Vol. 21 , No. 14. pp. 3502-3507 (1982). discloses purification of a skeletal growth factor 
from demineralized human bone matrix with an apparent nrK>lecutar weight of 83K. The disclosure makes reference to 
a 1981 reference (Trans. Annu. Meet.-Orthop. Res. Soc., 6, 136 (1981)) by Urist, Conover and others, describing bone 
20 morphogenetic protein as having a molecular weight of 23K. 

Urist, etal., Clin. Ortho. and Rel. Res.. No. 162. pp. 219-232, discloses a low nnolecular weight bone morphogenetic 
protein fraction extracted from bovine bone matrix and fractionated by ion exchange and gel chromatography. The 
reference discbses that bovine BMP may consist of components ranging in molecular weight from 12K to 30K with 
the main components corresponding to molecular weights of 23K, 18K and 12K. The reference suggests that the 18K 
25 component is the active protein of the group because of its invariable presence in active fractions. 

Urist. et al., Proc. Soc. Exp. Biol, and Med.. 173 . pp. 1 94-199 (1983), identifies human bone morphogenetic protein 
(hBMP) extracted from demineralized human bone matrix as an 18K molecular weight protein. The 18K protein was 
identified as putative hBMP as a result of its invariable presence in chromatographic fractions having high hBMP activity 
and general absence in those fractions lacking such activity. 34K, 24K and 14K protein components isolated from the 
30 demineralized bone were found not to induce bone fonnation. 

Seyedin. et al.. U.S. Patent Nos. 4.434,094. and 4,627,982 describe the work in Urist, U.S. Patent No. 4,294.753 
and state that in the Urist patent, BMP was not fully characterized. The Seyedin patents describe a process for partially 
purifying an osteogenic factor and describe the factors as having a molecular weight of less than or equal to 30K. 

Urist. et al., Science, 220, pp. 680-686 (1983), again identifies BMP purified from demineralized bone matrix as 
35 an 18K molecular weight protein. Variable quantities of 14K, 24K and 34K proteins were isolated with the 18K protein 
but the reference discloses that each of the last three protein fractions can be rennoved without bss of BMP activity 
The reference states that the 18K fraction is responsible for BMP activity and suggests that the 34K, 24K and 14K 
proteins are individually inactive but are subunits of a larger BMP complex with the 18K protein. 

Urist, et aL, Proc. Natl Acad. Sci. USA, 81 , pp. 371 -375 (1 984), confimns that bovine BMP has an apparent mo- 
^0 lecular weight of 1 8.5K daltons. The publication further discloses other bone derived proteins with apparent nrtolecular 
weights of 17.5K and 17K. proteins with higher nrtolecular weights of 34K. 24K and 22K and a protein with a lower 
molecular weight of 14K. The publication provided the N-terminal sequence for the 17.5K protein which had an un- 
blocked amino terminus. 

Urist. European Patent Application No. 212,474, disck>ses peptide fragments having molecular weights between 
^ about 4K and 7K comprising at least an active portion of the osteoinductive and immunoreactive domain of the 1 7.5K 
BMP molecule. 

Wang, et al.. Patent Cooperation Treaty Application No. WO 88/00205, claiming priority based on apprications 
including U.S. Serial No. 880,776 filed July 1, 1986, disck)ses a bovine bone inductive factor which is isolated from 
demineralized bone powder by a procedure comprising a number of chromatographic and dialysis steps. The bone 

so inductive factor so isolated was found to contain, as judged by a non-reducing SDS-PAGE analysis, one or more 
proteins having a molecular weight of approxinrvately 28,000 to 30,000 daltons. Reducing SDS-PAGE analysis of the 
active protein (s) yielded two nnajor bands having the mobility of proteins having molecular weights of 18,000 daltons 
and 20,000 daltons respectively. Wang, et al. discbses three bovine proteins designated BMP-1 , BMP-2 and BMP-3 
where BMP is bone morphogenetic protein and provides peptide sequences for the proteins. Wang, et al. also discloses 

ss the nucleotide sequences and amino acid sequences predicted thereby of four human proteins designated BMP-1 , 
BMP-2 Class I, BMP-2 Class II and BMP-3. 

Wozney, etal., Science 242, pp. 1528-1533(1988). describes the nucleotide sequences and amino acid sequences 
predicted thereby of three human complementary DN A clones (designated BMP-1 , BMP-2Aand BMP-3) corresponding 
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to three polypeptides pr sent in an extract of bovine bone which is capable of inducing de novo bone formation. Re- 
combinant human BMP-1 , BMP-2A and BMP-3 proteins were said to be indep ndently capable of inducing the forma- 
tion of cartilage in vivo. The nucleotide sequ nc and derived amino acid sequ nc of a fourth complementary DN A 
clone (designated BMP-2B) is also described. Th BMP-1 , BMP-2A, BMP-2B and BMP-3 proteins of this publication 
5 appear to correspond, resp ctively, to th BMP-1 , BMP-2 Class I, BMP-2 Class II and BMP-3 proteins, respectiv ly, 
of Wang, et al. 

Sen. U.S. Patent No. 4.804,744 issued February 14. 1989, discloses a preparation of an osteogenic protein which 
is a member of the P3 family of proteins and which has an apparent molecular weight of 22.000 to 24,000 daltons as 
revealed by coomassie blue staining of reducing SOS-PAGE analysis. 
10 Lyons, et al.. Proc. Nat'l. Acad. Sci. USA 86, pp. 4554-4558 (1 989), describes the nucleotide sequence and derived 

amino acid sequence of a complementary DNA clone (designated Vgr-1) encoding a mouse protein which contains 
homologous regions for the deduced amino acid sequences of BMP-2A. BMP-2 B and BMP-3. 

Luyten, et al., J. Biol. Chem. 264, pp. 13377-13380 (1989), describes the purification and partial amino acid se- 
quence analysis of a polypeptide present in an extract of bovine bone said to be capable of inducing de novo bone 
IS formatbn. This protein, designated osteogenin, has an apparent molecular mass of 22,000 daltons as judged by re- 
ducing SDS-PAGE analysis, and an apparent molecular mass of 30,000 to 40.000 daltons as judged by a non-reducing 
SDS-PAGE analysis. The amino acid sequences reported for osteogenin are said to show considerable homology to 
BMP-3 as described by Wozney, et al. 

Bentz. et al., J. Bone and Mineral Res., 4 Supplement 1, p. S280 No. 650 (1989) and Bentz, et al., J. Cell Biol.. 
20 _107, 162a No. 918 (1989) describe a protein material isolated from demineralized bone matrix said to promote oste- 
oinduction in the rat. The osteoinductive factor (OIF) was identified as a glycoprotein and was said to exhibit osteoin- 
ductive activity only in the presence of TGF-pi or TGF-P2. OIF had an apparent molecular mass of 22,000 to 28.000 
daltons based on SDS gel electrophoresis and was identified as a monomeric molecule in light of the fact that reduction 
does not alter its mobility on SDS-PAGE. 

25 

SUMMARY OF THE INVENTION 

The present invention is directed to mammalian bone matrix-derived proteins which exhibit the ability to promote 
or stirnulale local osteogenesis (bone formation) at sites of implantation in mammals. Specifically, the invention provides 

50 preparations of osteogenic proteins and involves extraction and purification of such osteogen ically active protein prep- 
arations including extraction of bone matrix proteins under dissociative (denaturing) conditions followed by further 
purification using one or more methods such as specific elution of these proteins from gel filtration chronr>atographic 
columns, ion-exchange chromatographic columns, metal chelate affinity columns, hydrophobic adsorption chromato- 
graphic columns and reverse phase HPLC (high performance liquid chromatography) columns using an acetonitrile 

^ gradient. These preparatbns obtained using such purification procedures are clearly characterized by their respective 
chromatographic behaviors using these gel filtration, ion-exchange, metal chelate, hydrophobic adsorption and reverse 
phase HPLC columns as well as by their ability to induce local bone formation in animals at a predetermined site where 
they are applied either alone or in admixture with a suitable pharmaceutically acceptable carrier. There are further 
disclosed methods of inducing bone formation in a mammal comprising administering to the mammal effective amounts 

^ of the osteogenic preparation. Also provided are pharmaceutically acceptable compositions comprised of one or more 
of the proteins or active polypeptides in conjunction with a physiotogically acceptable matrix material. There is further 
disclosed polypeptide subunits of the osteogenically active 31 ,000 to 34,000 dalton protein nnolecules, designated P3 
OF 31-34. which are found associated with the P3 proteins of bone nucleotide sequences encoding certain of the 
subunits of P3 OF 31 -34 or portions thereof and osteogenically active heterodimer proteins comprising certain of these 

^ subunits. 

According to the present invention there is provided a preparation of an osteogenic protein characterized by a 
molecular weight of from about 31 ,000 to about 34,000 daltons as characterized by non-reducing denaturing gel filtra- 
tion and further by the characteristic of eluting at concentrations of between 35% and 45% acetonitrile from a reverse 
phase high performance liquid chromatography column equilibrated with buffers containing water, acetronitrile and 
so between 0,025% and 0.05% trifluoroacetic acid, wherein said osteogenic protein comprises a heterodimer of two non- 
identical subunits linked to each other by at least one disulfide bond and having in its reduced state at least one protein 
subunit which comigrates on reducing sodium dodecyl sulfate polyacylamide gels with proteins within the molecular 
weight range of 17,500 to 19.000 or the range of 16,000 to 17.500 daltons, wherein one of said subunits of the het- 
erodimer is characterized by an amino-terminal sequence of: 

55 

STGGKQRSQNRSKTPKNQEA 
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or is characterized by an internal amino acid sequence of: 

XATNHAIVQTLVHFIN, and th other subunit of said heterodlmer is characterized by th internal sequence of: 

5 LYLDENEK, XWLKNYQDMV, XEKWLKNYQDM OR WEGXGXR 

wherein X represents an undetermined amino acid. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 represents the elution profile obtained by Sepharose GL-6B column chromatography of the proteins ob- 
tained in an eight hour extraction of demineralized calf bone powder with 4 M GuHCI-0.01 M Tris.HCI buffer (pH 7.0). 

Figure 2 represents the elution profile obtained by Sephacryl S-200 column chromatography, in 4 M GuHCI-0.01 
M Tris.HCI buffer (pH 7.0), of the proteins contained in the active fraction obtained from Sepharose CL-6B column 
IS chromatography. 

Figure 3 represents the elution profile of proteins present in the active pool from Sephacryl S-200 column chro- 
matography on a reverse phase Protesil 300 octyl column using an acetonitrile gradient for the elution of proteins. 

Figure 4 represents the results of electrophoretic analysis of purified bone matrix proteins on discontinuous sodium 
dodecyl sulfate-polyacrylamide gels in the presence of a reducing agent followed by coomassie blue staining to detect 
20 the protein material. 

Figure 5A represents the elution profile obtained by high performance liquid chromatography, on a reverse phase 
C8 column, of fragments of porcine P3 protein; the fragments were generated by the enzymatic digestion of porcine 
P3 protein using Staphylococcus aureus V8 protease. 

Figure 5B represents the elution profile obtained by high performance liquid chromatography, on a reverse phase 
25 C8 column, of fragments of bovine P3 protein; the fragments were generated by the enzymatic digestion of bovine P3 
protein using Staphylococcus aureus V8 protease. 

Figure 6A represents the elution profile obtained by high performance liquid chromatography, on a reverse phase 
C18 column, of fragments of porcine P3 protein; the fragments were generated by the enzymatic digestion of reduced, 
carboxymethylated porcine P3 protein using Staphylococcus aureus V8 protease. 
30 Figure 6B represents the elution profile obtained by high performance liquid chromatography, on a reverse phase 

C18 column, of fragments of human P3 protein; the fragments were generated by the enzymatic digestion of reduced, 
carboxymethylated human P3 protein using Staphylococcus aureus V8 protease. 

Figure 7 represents the results of competitive radioimmunoassays measuring the ability of radiolabelled test an- 
tigen to bind to specific antibody molecules in the presence of competing un labelled antigen preparatbns. 
35 Figure 8 represents the elution profile obtained by Sephacryl S-200 column chromatography, in 4 M GuHCI -0.01 

M Tris.HCI buffer (pH 7.0), of the proteins contained in the active 5K-100K fraction. 

Figure 9 illustrates an alternative method for the purification of P3 OF 31 -34 (osteogenic factors) proteins from calf 
bone. 

Figure 10A shows the apparent molecular weight of the osteogenic factors as determined by non-reducing SDS 
40 polyacrylamide gel electrophoresis followed by silver staining. 

Figure 10B shows reducing SDS polyacrylamide gel electrophoresis of P3 OF 31-34 proteins folfowed by silver 
staining. 

Figure 11 A shows the isolation of the subunits of the P3 OF 31-34 proteins (osteogenic factors) by reverse phase 
HPLC. 

45 Figure 11 B shows the apparent molecular weights of the subunits as detected by silver staining of reducing SDS 

polyacrylamide gel electrophoretic analysis. 

Figure 12 represents the alignment of the amino terminal and internal sequences of subunits A. B. C and D of the 
P3 OF 31 -34 proteins with homologous regions from the deduced amino acid sequences of cDNA clones encoding 
hOD and hOE isolated according to the invention and the polypeptides designated in the literature as BMP-2A, BMP- 

so 2BandVgr-1. 

Figure 1 3A represents the elution profile obtained by high performance liquid chromatography, on a reverse phase 
CIS column, of the PS Pool. 

Figure 13B shows non-reducing SDS polyacrylamide gel electrophoresis of P3 OF 31-34 proteins eluting in frac- 
tions 26, 27 and 28 from the reverse phase HPLC of the PS Pool. 
55 Figure 1 4A shows the isolation and identification of subunits of the P3 OF 31-34 proteins eluting in fraction 26 from 

the reverse phase HPLC of th PS Pool. 

Figure 14B shows the isolation and identification of subunits of the P3 OF 31 -34 proteins eluting in fraction 28 from 
the reverse phas HPLC of the PS Pool. 
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Figure 1 5 shows reducing SDS polyacrylamid gel electrophoresis of P3 and P3 OF 31 -34 proteins isolated and 
visualized using either Coomassi stain, r autoradiography folbwing Western Bbt analysis utilizing antibodies gen- 
erated against synthetic peptides of th N terminal sequences of subunit A (AbANIt) and subunit D (AbDNt). 

Figure 16 shows reducing SDS polyacrylamide gel electrophoresis of reduced subunits A and D before and after 
5 treatment with either endo H or N-glycanase. 

Figure 17 shows the nucleotide and derived amino acid sequences of PCR-amplified DNA from U-2 OS mRNA. 
designated hOD. 

Figure 18 shows the nucleotide and derived amino acid sequences of PCR-amplified DNA from U-2 OS mRNA. 
designated hOE. 

10 Figure ISA shows the homology between the derived amino acid sequences of the PCR-amplified sequences 

designated hOD and hOE. 

Figure 19B shows the homology between the nucleotide sequences of the PCR-amplified sequences designated 
hODandhOE. 

IS DETAILED DESCRIPTION OF THE INVENTION 

Using certain chromatographic procedures known in the art, each of several proteins have been purified starting 
from crude protein extracts of demineralized bone powder. As judged by the migration of these proteins in polyacryla- 
mide gels under reducing conditions, using the procedure essentially as described in Laemmti, U.K., Nature. Vol. 227, 

20 pp. 680-685 (1 970), different protein species have been assigned numbers such as PI , P2 and the like in the order of 
decreasing apparent molecular weight. Equivalent proteins have been obtained from bones of different mammals. The 
disclosed osteogen ically active polypeptides have the characteristic that they copurify under certain purification pro- 
cedures with a family of immunologically related P3 proteins, having an apparent molecular weight of 22,000 to 24,000 
. daltons. Similarly, a PS protein isolated from human bone and purified according to the procedure essentially as de- 

25 scribed herein is immunologically related to the calf P3 protein and has an apparent molecular weight of 22,000 to 
24,000 daltons revealed by coomassie blue staining of reducing SDS-PAGE analysis. 

The osteogenically active preparation obtained using the disclosed method of this is sometimes referred to herein 
as the P3 protein. The inventbn further concerns the ability to obtain osteogenically active P3 proteins from bones of 
various mammals using the method of this invention. The osteogenically active protein preparations obtained from 

30 different mammalian bones using the method of this invention constitute members of a family of proteins, referred to 
herein as an immunologically related family of P3 proteins. The members of this family show substantial equivalence 
to each other with regard to characteristics such as (i) osteogenic activity, (ii) chromatographic characteristics in dis- 
sociative gel filtration columns, (iii) elution from hydrophobic reverse phase HPLC columns in acetonitrile, (iv) an es- 
sential homogeneity with regard to a molecular weight of between about 22,000 and 24,000 daltons revealed by 

35 coomassie blue staining of reducing SDS-PAGE analysis, (v) characteristics of certain major peptide fragments gen- 
erated by proteolytb treatment and (vi) reactivity in an immunoassay directed toward certain immunogenic determinants 
characteristic in such preparatbns. 

There is further disclosed the identificatbn. in the P3 proteins, of proteins which, during gel filtratbn under non- 
reducing and dissociative conditions, elute as proteins having apparent molecular weights within the range of about 

^ 25,000 to 38.000 daltons, and more specifically, when analyzed by non-reducing SDS-PAGE followed by silver staining, 
migrate as proteins having apparent molecular weights within the range of about 31 ,000 to 34,000 daltons. These 
proteins are designated P3 OF 31 -34, indicating osteogenically active 31 ,000 to 34,000 dalton protein molecules which 
are found associated with the P3 proteins of bone and are distinct from bone-derived protein molecules of similar 
molecular weight which lack osteogenic activity. 

^ There are further provided alternative protein fractionation methods of isolating these 31,000 to 34,000 dalton 

molecular weight protein constituents inherent in the P3 proteins whbh are characterized by the ability to promote 
osteogenesis. The P3 OF 31-34 osteogenic protein material yields four distinct peaks when analyzed by reverse phase 
HPLC after reduction. When analyzed by reducing SDS-PAGE and silver staining, three of the peaks are characterized 
as protein subunits migrating with apparent molecular weights within the range of 17,500 to 19,000 daltons, and the 

50 fourth peak is characterized as a protein subunit migrating with an apparent molecular weight within the range of 1 6,000 
to 17.500 daltons. 

Applicants have characterized the protein subunits of P3 OF 31-34 and designated them as subunits A. B, C and 
D- The subunits have been characterized by sequencing of various internal and presumptive amino4erminal polypep- 
tide fragments. Applicants have utilized the polymerase chain reaction (PCR) technique to amplify sequences of human 
S5 cDNA homologous to that encoding subunit D and have provided amino acid and nucleotide sequences for human 
subunit D (hOD). Applicants have also identified a sequence of human cDNA ncoding what is characterized as 
polypeptide subunit E (hOE) which may be a new osteogenic polypeptide or may correspond to the bovine subunit A 
polypeptide. Applicants have also determined that the P30F 31-34 osteogenic protein material is comprised of polypep- 
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tide dinners including a heterodimer, according to the present invention of subunit D with subunit B and a heterodinner 
of subunit A(and/orsubunltE)withsubunitB.Th P3 OF 31 -34 ost ogenic material may further comprise heterodimers 
of subunit A (and/or subunit E) with subunit C and heterodimers of subunit D with subunit C giv n the high degree of 
homology (80%) between subunits B and C. 

5 There is provided polypeptid subunit D of P3 OF 31-34 such as isolated from bovine bon and a purified and 

isolated nucleic acid from human DNA comprising a nucleotide sequence selected from the group consisting of a 
nucleotide sequence encoding subunit D of P3 OF 31 -34. a nucleotide sequence which encodes the same sequence 
of amino acids making up subunit D of P3 OF 31-34. a nucleotide sequence which is horiKjIogous with 80% of the 
nucleotides encoding subunit D of P3 OF 31-34 and a nucleotide sequence which would be homologous with 80% of 

10 the nucleotides encoding subunit D of P3 OF 31 -34 but for the redundancy of the genetic code. There are also provided 
recombinant expression systems for subunit 0 including vectors including nucleic acid sequences encoding subunit 
D of P3 OF 31 -34. a cell transformed therewith and a polypeptide expression product of such a transformed cell. 

There is further provided polypeptide subunit E of P3 OF 31 -34 and a purified isolated nucleic acid comprising a 
nucleotide sequence selected from the group consisting of a nucleotide sequence encoding subunit E of P3 OF 31 -34. 

IS a nucleotide sequence which encodes the same sequence of amino acids making up subunit E of P3 OF 31-34. a 
nucleotide sequence which is homologous with 80% of the nucleotides encoding subunit E of P3 OF 31 -34 and a 
nucleotide sequence which woukJ be homologous with 80% of the nucleotides encoding subunit E of P3 OF 31-34 but 
for the redundancy of the genetic code. There are also provided recombinant expression systems for subunit E including 
vectors including nucleic acid sequences encoding subunit E of P3 OF 31-34. a cell transformed therewith and a 

20 polypeptide expression product of such a transformed cell. 

There is also provided an osteogenic preparation comprising a dimer comprising subunit D of P3 OF 31-34 . The 
present invention provides an osteogenic preparation comprising a heterodimer comprising subunits D and B of P3 
OF 31 -34 linked by at least one disulfide bond. There is still further provided an osteogenic preparation comprising a 
dimer comprising subunit E of P3 OF 31-34 and, additionally, an osteogenic preparation comprising a heterodimer 

25 comprising subunits E and B of P3 OF 31-34 linked by at least one disulfide bond. There is further disclosed an oste- 
ogenic preparation comprising a dimer comprising subunit A of P3 OF 31 -34 and, additionally, an osteogenic prepa- 
ration comprising a heterodimer comprising subunits A and B of P3 OF 31 -34 linked by at least one disulfide bond. 

The osteogenic protein preparations, namely the P3 protein, a preparation containing the P3 OF 31 -34 protein or 
a preparation containing subunits A, B, C, D or E or homo- or heterodimers thereof as described herein, may be used 

30 to form a composition for implantation into a mammal by admixture with a physiologically acceptable matrix material. 
In addition, devices for implantation intonrvammals comprising a structural member encoated with the osteogenic factor/ 
matrix composition are provided by the invention. 

It may be possible, using procedures well known in the art, for example, chemical, enzymatk; or recombinant DNA 
techniques, to obtain polypeptides derived from the osteogenic proteins described herein which exhibit the ability to 

35 promote or stimulate osteogenesis. For example, any of polypeptide subunits A, B, C, D and E or nucleic acid encoding 
such polypeptides or analogs not directly provided herein may be obtained according to procedures well known to 
those skilled in the art. Such procedures include obtaining the complete amino acid sequence of any of the polypeptide 
subunits and screening DNA libraries from one or more mammalian species with polynucleotide probes based thereon, 
and including identifying cells expressing any of the polypeptide subunits present in P30F 31-34 by using a labelled 

40 antibody or oligonucleotide according to the present invention, isolating mRNA therefrom and preparing cDNA from 
the isolated mRNA. 

There is further provided a process for the preparation of an osteogens protein consisting of dimers of polypeptide 
monomers selected from the group consisting of P3 OF 31 -34 subunit A, subunit B, subunit C, subunit D and subunit 
E. The process comprises the steps of culturing in suitable culture media one or more cell lines transformed with nucleic 
45 acid sequences encoding one or more polypeptides selected from the group consisting of P3 OF 31-34 subunit A, 
subunit B. subunit C, subunit D and subunit E. Dimers are then formed of the polypeptide monomers by linking them 
with at least one disulfide bond and the dimers so formed are then isolated. 

The present invention provides a process for the preparation of an osteogenic protein consisting of a heterodimer 
of a polypeptide monomer characterized by the internal sequence of : 

50 

LYLDENEK, XWLKNYQDMV, XEKWLKNYQDM, or WEGXGXR, 

and a polypeptide monomer characterized by an amino-terminal amino acid sequence of: 
55 STGGKQRSQNRSKTPKNQEA or by an internal amino acid sequence of: 

XATNHAIVQTLVHFIN, the process comprising the steps of culturing in a suitable culture media one or more cell lines 
transformed with nucleic acid sequences encoding said polypeptides forming a heterodimer of said polypeptkie mon- 
omers by linking them with at least one disulfide bond, and isolating said heterodimer. 
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Proteins or polypeptides that ar or can b converted to osteogen tcally active species which ar immunologically 
related to the P3 OF 31-34 proteins r subunits or fragments thereof ar also disclosed. Activ ntities. referred to 
herein as "active polypeptides', includ any portion of the disclos d proteins or polyp ptides and their functional de- 
rivatives which can b produced by conventional procedures such as chemical synthesis or recombinant DNA tech- 
5 niques. Active potypeptkles f urth r includ deletions from, or insertions or substitutions of residues within the amino 
acid sequence of the osteogenic proteins and subunits. Combinations of deletion, insertion and substitution may also 
be made to arrive at the final construct, provided that the final construct possesses osteogenic activity. Derivatives of 
such active polypeptides can include, for example, chemically or enzymaticalty modified polypeptides; fusbn proteins; 
or polypeptides bound to a suitable carrier substance such as a polymer. 
. 10 Natural sequence polypeptide subunits present in P3 OF 31-34 of one or more mamnr^lian species or analogs 

and variants thereof may be prepared by direct chemical synthesis of polypeptide or by expression of DNA prepared 
by site-directed mutagenesis of subunit DNA or by chemical synthesis of oligonucleotide and assembly of the oligo- 
nucleotide by any of a number of techniques prior to expression in a host cell. [See. e.g.. Caruthers, U.S. Patent No. 
4,500.707; Balland, et al., Biochimie. 67, 725-736 (1985); Edge, et al.. Nature. 292, 756-762 (1981)). Messenger RNA 
IS. encoding P3 OF 31 -34 or analogs thereof may also be expressed in vitro . Changes in activity levels are measured by 
the appropriate assay. Modifications of such protein properties as redox or thermal stability, hydrophobicity. suscepti- 
bility to proteolytic degradation, or the tendency to aggregate with carriers or into multimers are assayed by methods 
well known to those of ordinary skill in the art. 

Prokaryotk; microorganisrr^ (such as bacteria) and eukaryotic microorganisms (such as yeast) may be employed 
20 as host ceils according to the present invention. S. cerevisiae . or common baker's yeast, is the most commonly used 
among eukaryotic microorganisms, although a number of other strains are commonly available. For expressbn in 
bacteria and yeast, cloning and expression vectors are well known to those skilled in the art. such as lambda phage 
and pBR322 in E. coli and YRp7 in S. cerevisiae . 

Cells derived from multicellular eukaryotes may also be used as hosts. Cells from vertebrate or invertebrate eu- 
25 karyotes may be used, and those skilled in the art know of appropriate expression vectors for use therein, such as 
SV40 retroviral and papilloma viral vectors for mamnnalian host cells. NPV vectors for invertebrate host cells and Tl 
vectors for plant cells. 

There are further disclosed methods of using one or more of the proteins and/or active polypeptides and/or immu- 
nologically related entities as pharrnaceutical agents for the stimulation of bone growth in mammals. Pharmaceutically 

30 acceptable compositions comprised of one or more of the proteins and/or active polypeptides and/or immunologically 
related entities in combinatbn with a pharmaceutically acceptable carrier are also disclosed herein. Such compositions 
can optionally contain other bioactive materials or other ingredients which aid in the administration of the composition 
or add to the effectiveness of the compositbn. 

As used herein, the term "immunologically related" is meant to include any polypeptide which shows binding and/ 

35 or recognitk>n to antigen-binding sites in antibodies raised or manufactured against the protein. The term "osteogenesis" 
means formation of new bone or induction of growth of pre-existing bones at specific sites in response to local admin- 
istration (for example, implantation of an active preparation in a pharmaceutically acceptable manner). The term "os- 
teogenic amount" refers to an annount of the osteogenic protein and/or active polypeptide and/or immunologically 
related entity sufficient to provkJe the desired effect The term "osteogen ically active" or "osteogenic" means that the 

40 preparation has the capability to promote or induce osteogenesis. 

In additbn, two unrelated protein preparations designated herein as P2 and P4 have also been isolated from bone 
of several different mammalian species. A family of P2 proteins, each member isolated from a particular mammalian 
bone source, has been characterized. A typical P2 protein isolated from calf bone has an apparent molecular weight 
of 30,000 to 33.000 daltons. but is incapable of inducing osteogenesis in the absence of the osteogenic protein asso- 

45 ciated with the P3 protein preparation. Immunologically related P2 protein has also been isolated according to the 
procedure essentially as described herein from human bone. 

In a similar manner, a family of P4 proteins has been isolated according to the procedures described herein. In 
the stage of purification accomplished from calf bone, the P4 preparation consists of two major components which are 
incapable of inducing osteogenesis in the absence of the osteogenic protein associated with the P3 protein preparation, 

50 both having an apparent molecular weight of about 1 6,000 to 1 8,000 daltons and are characterized by amino terminus 
amino acid sequences as described later herein. Immunologically related members of this P4 protein family which are 
also incapable of inducing osteogenesis in the absence of the osteogenic protein have been isolated from human bone 
according to the procedures described h erein. 

The application of the osteogenic factors can be conveniently accomplished by administering, such as by implant- 

55 ing, a lyophilized preparation or suspension of one or more of the osteogenic proteins and/or one or more active 
polypeptkie and/or one or more immunologically related entities in sufficient quantity to promote osteogenesis at the 
desired sit . Altematively, pharmaceutically acceptable compositbns can b used which are comprised of one or mor 
of the osteogenic proteins and/or one or more of the active polypeptides and/or one or more of the immunologically 
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related entities described herein and a pharmaceuticalty acceptable niatrix such as collagenous proteins or matrix 
material derived from powd r d bon extracted with strong denaturing agents, or other pharmaceutlcally acceptabi 
carriers. 

The following xamples are included t further illustrate the inv ntion but ar not to b construed as limitations 
thereon. 

Example 1 

isolation Of The Osteopenic Factors 
Bone Processing 

In a typical preparation, long bones (ends of long bones) from a mamnnal (for example, ankles from calves, femur 
heads of vertebral column from human bones, the total tibia and fibula from rats) are processed and demineralized 
using well known conventtonal procedures such as those described in Urist. M.R.. U.S. Patent No. 4.294.753 (1 981). 
These and all other references cited herein are incorporated herein by reference. 

A convenient method of processing and demineralizing bone is as follows: 

The periosteal layer surrounding the bone (preferably the bone is obtained from a young mammal and kept refrig- 
erated until processing) is removed by mechanical means and then the marrow from the central cavity of the bone is 
removed by washing with cold water. The bone is pulverized into small particles [generally 1 to 2 millimeters (mm) in 
diameter] by conventional means, for example, using a Wiley mill. The particles are then washed extensively with a 
buffered saline solution such as a 0. 1 5 M NaCI-0. 1 M Tris. HCI buffer (pH 7.0) to remove most of the lipids and remaining 
blood. The particles are further reduced in size by shearing, for example, using a polytron homogenizer (Brinknnan 
Instruments) so that particles of approximately 500 microns iji) in diameter or less are obtained. The homogenized 
particles are washed with buffered saline such as that noted above and water, then with ethanol and finally with ether. 
The washed homogenized particles are then vacuum or air dried; this "bone powder" can be stored at -80*0 for pro- 
longed periods of time. 

For efficient demineralization and protein extraction, the bone powder is sieved to obtain particles having a size 
range of about 75 to 500 n in diameter, Demineralization (that is, the removal of cateium phosphate from the bone 
matrix) is achieved by repeated washes with a hydrochloric acid (HCI) solution, for example, by stirring bone powder 
for one hour with about 1 0 to 1 5 milliliters (ml) of 0.5 normal (N) HCI per gram (g) dry weight of bone powder, decanting 
the liquid and then repeated this process three or four times. The demineralized bone powder is then washed exten- 
sively with deionized distilled water until the pH approaches neutrality. The water is removed from the demineralized 
bone powder by washing with ethanol. then ether, and then drying. The demineralized bone powder can be stored at 
ultralow temperatures (for example, -20° to -eo**C). Demineralization of the bone powder can also be accomplished 
using other well known procedures, for example, using a chelator such as ethylenediaminetetraacetic acid. 

To determine if the treated bone powder is sufficiently demineralized after HCI treatment to be ready for the ex- 
traction of the bone-matrix proteins, the water-rinsed powder is tested for mineral content ((that is, calcium content), 
for example, by the method of von Kossa, see J. von Kossa, Ziegler's Beitr. 29, 1 63 (1 901 )]. When the von Kossa stain 
is negative, the treated bone powder is sufficiently demineralized to be ready for the extraction of proteins. 

Extraction and Separation of Proteins From Demineralized Bone Powder 

Demineralized bone powder, prepared as described above, is extracted by constant stirring with an aqueous so- 
lution of about 2 to 8 molar (M) guanidium-hydrochloride (GuHCI) in a buffer such as Trizmahydrochloride (Tris.HCI) 
at or near pH 7.0 for a time sufficient to. extract the desired proteins. Preferably, the extraction is performed by stiring 
the demineralized bone powder with 4 M GuHCI-0.01 M Tris.HCI buffer (pH 7.0) in the presence of a proteolytic enzyme 
inhibitor such as phenylmethylsulfonyl-fluoride for 8 to 12 hours (hrs) between about 4° to 20"'C. The proteins from 
demineralized bone powder can be extracted by contacting the demineralized bone powder with an appropriate GuHCl- 
Tris.HCI buffer for a time sufficient to obtain substantial quantities of the desired proteins. In a typical extraction of 100 
grams of demineralized calf bone powder, approximately 1 500 milligrams (mg) of total proteins are extracted in a three 
day extraction perkxJ with 4M GuHCI-0.01 M Tris.HCI buffer (pH 7.0). In the process of the present invention, it has 
been found that more than 80 percent (%) of the total proteins obtained in a three day extraction can be extracted in 
the first 8 to 1 2 hrs with a 4 M GuHCI-0.01 M Tris. HCI buffer (pH 7.0). During the first 8 to 1 2 hrs of extraction, typically 
more than 95% of the total low molecular weight protein population that can be obtained in a three day extraction is 
recovered. Most osteogenic activity is associated with these low molecular weight proteins. About 15 ml of the 4 M 
GuHCI-0.01 M Tris.HCI buffer (pH 7.0) solution is used per gram dry weight of demineralized bon powder. After the 
extraction period is complete, the extract is filtered, for example, over Whatman paper, and the filtrate concentrated 
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by conv ntional procedures; in typical xperiments, an Amicon ultrafiltration apparatus (Am icon Corporation, Danvers, 
Massachusetts) with a membran filter with molecular cut-off siz of approximately 5,000 daltons is used for the con- 
centration step (that IS, the membrane retains molecules having a molecular w ight gr ater than, approximately 5,000 
daltons, for exampi , an appropriate Diaflo® ultrafiltration membran such as YM-5). 

5 The various buffers, for example, the 4 M GuHCI-0.01 M Tris.HCI buffer, the solutions, for example, the 0.5 N HOI 

solution, described herein are aqueous buffers or solutions in which the indicated materials are present in water at the 
indicated concentration. The protein components of the concentrated protein solution were fractionated using various 
conventional chromatographic techniques including high performance liquid chromatography (HPLC) as folbws: 
The initial protein fractk>nation was conveniently accomplished by chromatography on a Sepharose CL^B (Phar- 

10 maca Chemicals, New Jersey) column. In a typical experiment, the proteins extracted as described herein are con- 
centrated by ultrafiltration to a concentration of about 25 to 40 mg/hnl. The concentration of proteins in various extract 
preparations and column fractions were usually estimated by conventional means such as spectrophotometric meas- 
urement of the absorbence of the solutions at 280 nanometers (nm). An appropriate amount of protein concentrate 
(an amount providing approximately 500 mg of protein) was applied to a 5 centimeter (cm) x 90 cm Sepharose CL-6B 

IS column equilibrated with 4 M GuHCI-0.01 M Tris.HCI buffer (pH 7.0). The column is eluted with the 4 M GuHCl-0.01 
M Tris.HCI buffer (pH 7.0) at a hydrostatic pressure head of between about 50 to 100 cm and individual fractbns of 
15 to 20 ml volume collected. A typical elution profile under the above conditions was obtained by measuring the 
absorbence of individual fractions at 280 nm and is shown in Figure 1 . 

The bone inducing activity of various fractions eluted from the Sepharose CL-6B column was measured, using the 

20 bone induction assay system described herein, and indicated that the pool of fractions identified as "C in Figure 1 
contained the factors responsible for the osteogenic activity Pool C, which consisted of pooled fractions V, VI and VII. 
was concentrated using conventional procedures. In a standard extraction, pool C obtained from the elution of the total 
proteins on the Sepharose CL-6B column represents about 40% of the total proteins obtained in an 8 to 1 2 hr extraction 
of demineralized calf bone powder with 4 M GuHCI-0.01 M Tris.HCI buffer (pH 7.0). Further fractionation was then 

2S achieved by chromatography on a Sephacryl S-200 (Pharmacia Chemicals, New Jersey) column. In a typical experi- 
ment, 75 to 100 mg of proteins from pool C are applied at a concentration of approximately 25 mgAnI to a 2.2 cm x 
115 cm Sephacryl S-200 column and the column eluted with 4 M GuHCl-0.01 M Tris.HCI buffer (pH 7.0) under a 
hydrostatic pressure head of between about 50 to 75 cm and individual fractions of approximately 4 ml in volume 
collected. A typical elution profile which was obtained under the above conditbns is shown in Figure 2. 

30 Fractions from the Sephacryl S-200 column were pooled (see Figure 2) and the resulting pooled materials arbitrarily 

identified as alpha (a), beta (p). gamma I (yl), gamma II (yll) and delta (S). 

Analysis of the proteins, using conventional discontinuous polyacrylamide gel electrophoresis in the presence of 
sodium dodecyl sulfate visualizing the protein bands by staining with coomassie blue [Laemmli, U.K., Nature, Vol. 227. 
pp. 680-685 (1970)]. contained in the respective alpha through delta pools allowed identification of several proteins. 

35 It was found that the alpha pool contained minor protein components of molecular weight higher than 50,000 daltons; 
the beta pool contained a major species at 38,000 to 40,000 daltons, some minor higher molecular weight contaminants, 
and small quantities of lower molecular weight protein species migrating between 14,000 and 30,000 daltons; the 
gamma I and gamma II pools contained four major size class species migrating at 31 ,000 to 35,000 daltons, at 22,000 
to 25.000 daltons. at 1 6,000 to 1 8,000 daltons, and at 1 2,000 to 1 4,000 daltons; the delta pool contained mostly proteins 

40 in the 1 2,000 to 1 4,000 dalton range. 

Measurement of activity in the bone induction assay essentially as described herein indicated that the gamma I 
and gamma 11 pools contained factors inducing bone formation. 

To simplify the discussions concerning the final purification of the osteogenic factors, a list of the protein species 
found in the beta, gamma and delta pools is presented in Table 1 . As indicated previously, each of the respective major 

45 protein species was assigned an identifying code (P1, P2 and the like) as indicated in Table 1 . 



Table 1 



Major Species 


Minor Species 


Assigned Name 


Estimated Molecular 


Assigned Name 


Estimated Molecular 




Weight X 10-3 




Weight X 10^3 


PI 


38-40 






P2 


30-33 










PA 


28-30 






PB 


24 


P3 


22-24 










PC 


19 
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Table 1 (continued) 





Major Species 


Minor Species 


5 


Assigned Nam 


Estimated Molecular 
Weight X 10^ 


Assigned Name 


Estimated Molecular 
Weight X 10-3 




P4 


16-18 








P5a 


13-14 






10 


P5b 


14* 


PD 


12 


IS 


All priniary molecular weight assignments of protein species are based on mobilities in discontinuous potyacr- 
ylamide gel electrophoresis with 13% aciylamide at pH 8.8 in the resolving gel in the presence of sodium dodecyl 
sulfate and a reducing agent. The minor protein species represented less than 10 to 15 percent of the total material 
In the respective samples analyzed on gels. 



*P5b migrates at about 10,000 daltons under non-reducing conditions which serves to dbtinguish P5a from P5b. 



Reverse Phase HPLC Purification of the Osteogenic Preparation 

20 A further purification step was carried out by reverse phase HPLC of the partiaity purified protein preparations, 

obtained from Sephacryl S-200 column chromatography, using a Beckman Attex HPLC controlled by a Model 421 
microprocessor unit. Two approaches have been used. 

A characteristic feature of some of the isolated proteins, especially the P3 protein family described herein and the 
osteogenlcally active protein preparation copurifying therewith is the lack of solubility in the absence of a strong dis- 

2S sociating agent such as GuHCL In addition, when multiple protejn species were simultaneously present in a pool, the 
removal of GuHCI resulted in a copreciprtation of other proteins along with the P3 proteins including the P3 OF 31 -34 . 
A method was, therefore, developed where narrow pools consisting of only one or two major proteins were obtained 
from the Sephacryl S-2CX) column and used as the starting material for further purification by HPLC. In addition, in 
order to maximize the retention of proteins in solution, pools such as the ones described above were dialyzed directly 

30 against an aqueous solvent containing 0.1% trifluoroacetic acid (TFA) supplemented with acetonitrile (ACN) at con- 
centrations of between 10% to 15% by volume. A conventbnal dialysis membrane tubing with molecular weight cut- 
off size of 3,500 daltons or lower is conveniently used in this procedure. Proteins soluble in the TFA: ACN solvent couW 
then be conveniently obtained by renrK)val of the insoluble material from each dialyzed pool by centrifugation. The 
soluble proteins at this point could be chromatographed on a reverse phase HPLC column such as the Protesil 300 

35 octyl column described herein. In a typk:al experiment the TFA: ACN soluble proteins obtained from the peak fractions 
in this manner were applied to a 0.46 cm x 25,0 cm Protesil 300 octyl column (Whatman) of 10 micron particle size 
equilibrated with 0.1% TFA: 10% ACN. Proteins bound to the column under these conditions were eluted at a flow rate 
of 60 ml/hr using a linear 10% to 80% ACN gradient developed over 45 minutes. In a typical experiment, as indicated 
in Figure 3A, P2 and PI proteins were sequentially recovered with increasing ACN concentrations (depicted by the 

40 dashed line) from the gamma I peak. Similarly, PI protein can be obtained from the beta peak while P5a and P5b are 
obtained from the delta peak. The P3 protein and the osteogenlcally active protein associated therewith elute between 
the gamma I and gamma 11 regions of the Sephacryl S-200 column. The P3 and P3 OF 31 -34 protein preparation is 
found in both the soluble and the insoluble materials obtained by dialysis of appropriate functions against TFA: ACN. 
The lack of solubility of the P3 and P3 OF 31 -34 proteins thus yields osteogenlcally active protein in the presence of 

45 substantially purified P3 protein in the insoluble material. The P3 and P3 OF 31-34 proteins retained in solution in the 
TFA:ACN solvent can be further purified by reverse phase HPLC essentially as described above. 

The second procedure to purify proteins to an essentially homogeneous state was designed to take advantage of 
the high degree of insolubility of certain proteins in the 35.000 to 1 4,000 dalton range, especially when they are present 
together at high concentrations (for example, approximately lOmg/ml). In this procedure, proteins eluting in the gamnna 

50 I and gamma II pools from the Sephacryl S-200 column chromatography (that is, the pools where the bone inducing 
activity is found) were concentrated to approximately 10 mgAnl. The material was rapidly dialyzed [for example, six 
changes each of 4 liters every 2 to 3 hrs, (using dialysis tubing with a molecular cut-off size of 2,000 daltons)] against 
deionized distilled water at 15** to 23*'C. Precipitated proteins were collected by centrifugation and washed several 
times with deionized distilled water keeping the concentration of protein at higher than 1 0 mg/inl of washing water. The 

55 principal constituents of this precipitated material were found to be P2, P3, P4 and P5a; small amounts of PI protein 
was found in variable quantities in some cases. The final pellet was dissolved in 0.1% TFA with 15% ACN and the 
solubilized material was applied to a Protesil 300 octyl column. Increasing ACN concentration eluted the P2, P4, P5a 
and P3 proteins as shown in Figure 3B, a typrcal elution profile. 
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Each ol the major protein sp cies described in Table 1 was further purified by rechromatographing on the Protesil 
300 octyl column. Pools of fractions obtained as indicated in Figure 3 were concentrated by tyophilizatbn and redis- 
sotved in 0.1% TFA and about 10 to 20% ACN depending upon th particular lyophilized material and reapplied to th 
Protesil 300 octyl colunnn. Th proteins wer eluted from the column using a linear 1 0% to 80% ACN gradient at a flow 

5 rat of 60 ml/hr under conditions as pr viousty described herein xcept that the proteins were eluted over a longer 
period, thus resulting in numerous individual fractions. The purity of each of the protein fractions was determined using 
conventional discontinuous PAGE. Those fractions which showed only one major species were used for further chem- 
ical arid biological characterizations. Typically, these fractions were lyophilized and stored as lyophilized powders. 
Figure 4 depicts the results of a typical discontinuous gel electrophoretic analysis on sodium dodecyl sulfate* 

10 polyacrylamide gels. The analysis was performed on a discontinuous polyacrylamide gel system in the presence of 
sodium dodecyl sulfate and a reducing agent where the resolving gel was 13% in aciylamide and 0.35% in bis-acry- 
lamide crosslinker at a pH of 8.8. The gel was run at 50 volts for 30 minutes followed by 7 hrs at 100 volts. Protein 
bands were visualized by staining with coonDassie brilliant blue R. Columns 1 and 8 depict gels with the following 
standard molecular weight noarkers: 95,000 (phosphorylase A), 68,000 (bovine serum albumin). 43.000 (ovalbumin). 

IS 31 ,000 (carbonic anhydrase). 21 ,000 (soybean trypsin inhibitor), and 14.000 (ribonuclease); columns 2, 3, 4, 5 and 6 
show, respectively, the PI, P2. P3 (including the P3 OF 31-34 protein), P4 and P5 protein (CP1 through CP5) from 
demineralized calf bone powder; and column 7 the P3/osteogenic protein (HP3) from demineralized human bone pow- 
der. Portions shaded with oblique lines are bands of tow concentration. 

The calf and the human protein preparatbns comprising the P3/osteogenic proteins each, when implanted in rats 

20 folbwing the bioassay system described herein, induces the formatton of bone at the implant site in approximately 3 
weeks. It appears that the osteogens proteins whrch copurify with the members of the P3 protein family isolated from 
different mammals will show osteogenic activity in mammals in general. Thus, the P3 proteins represent a family of 
immunologically related proteins which copurify with the primary osteogens factors according to the above methods. 

25 Bone Induction Assay System 

To determine the osteogenic activity of test protein fractions or proteins a procedure such as the fol towing can be 
used. Bone matrix powder (75 to 500 ^nri size) is demineralized as described herein and then extracted sequentially 
three times, each with 15 to 20 ml of 4 M GuHCI per gram of demineralized bone powder. The extracted matrix is 

30 extensively washed with water, followed by ethanol and ether and then the powder is dried. This powder, when implanted 
in a test animal, such as a rat, does not induce osteogenesis and is called inactive bone matrix (IBM). In order to 
measure the activity of a protein preparation, the IBM powder is mixed with an aqueous solution or suspension of the 
protein and the water renrK>ved by lyophilizatton. The reconstituted matrix is then packed in gelatin capsules and im- 
planted subcutaneously near the thigh muscles of young (one to two months old) rats. Nferying amounts of protein 

35 preparattons are used together with a constant amount of IBM in each capsule to determine the efficacy of the different 
protein preparations. Osteogenic activity in each implant is estimated by two approaches, (a) measuring the level of 
the enzyme alkaline phosphatase in the implant tissues at 17 to 20 days following implantatton and (b) performing a 
histologic examination of a 5 to 7 micron thick section of the tissue developed at the implant site following staining of 
paraffin-fixed sections of this tissue with toluidine blue (stains cartilage matrix and bone matrix), hematoxylln-eosin 

40 (resolves fibrous, cartilaginous and bone tissues) and von Kossa silver stain (for calcified matrix of bone tissue). 

The level of alkaline phosphatase is measured since active bone formation is characteristically preceded by a 
significant surge of this enzyme and continued formatton of bone is accompanied by a stable elevated level of alkaline 
phosphatase activity compared to that found in non-bone fibrous tissue surrounding the implants. An approximate 
quantitation of the levels of bone inducing activity in a protein preparatton has been obtained by quantitating the level 

45 of alkaline phosphatase per unit weight of implant tissue. In practice, the implant tissue is homogenized in an appropriate 
buffer such as Tris-saline, dissociated with a nonionic detergent and the solubilized enzymes that are released from 
the tissue are obtained by removing the debris using cisntrif ugatton. The levels of alkaline phosphatase are quantitated 
by measuring the conversion of paranitrophenylphosphate to paranitrophenol catalyzed by dilutions of the test extract 
and calculating from a standard cun/e of known enzyme activity. 

50 In bioassay studies, protein pools from the Sephacryl S-200 column were reconstituted with IBM and implanted 

subcutaneously in rat thighs. Measurement of alkaline phosphatase activity and histological evaluation of sections of 
explants removed 17 to 20 days after implantation, showed that the PI and the P5a-P5b proteins do not have bone 
inducing activity. The btoassay studies indicated the presence of maximum osteogens: activity in proteins in pools 
gamma I and gamma 11. The three nnajor components of the gamma fracttons, that is, the P2 protein, the P3 and P3 

ss OF 31-34 protein and the P4 proteins were purified using reverse phase HPLC as described abov . Th purified 
proteins, either singly or in a complete mixture, wer reconstituted with inactive bone matrix and a bone induction assay 
performed. The results are shown in Table 2. 
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Table 2 



70 



IS 





Alkalin Phosphatase (unrts/g) 


Histology 


idM Aions 


<o 


riDrOUS 1 loSU 


IBM + 750 P2 protein 


<5 


Fibrous Tissue 


IBM + 750 P3 protein (including the 


78 


New Bone 


P3 OF 31-34 protein) 






IBM + 1000 |ig P4 protein 


<5 


Fibrous Tissue (a small trace of 






cartilage) 


1 BM -1- 250 ^g each of P2, P3 (including 


63 


New Bone 


the P3 OF 31-34 protein) and P4 






proteins 






'"IBM" means Inactive Bone Matrix, 
means less than. 



20 



2S 



30 



3S 



40 



45 



SO 



55 



The data in Table 2 indicate that the P3 protein (including the P3 OF 31 -34 protein) alone induced the formation 
of bone. Implants containing the P3 and P3 OF 31 -34 preparation deve toped Into tissues that contained high levels of 
alkaline phosphatase enzyme activity. In contrast, implants prepared by reconstituting with either the P2 or the P4 
preparatton failed to produce detectable bone. When all three preparations were used in combination, significant bone 
fomoation was observed and high levels of alkaline phosphatase enzyme were obtained with one^hird the anrK)unt of 
P3 protein preparation (as compared to the P3 protein implant alone). It thus appears that at low concentrations of P3 
protein preparatton including P3 OF 31-34. the presence of the P2 and/or the P4 protein provides enhancement of 
osteogenesis induced by the P3 protein preparation. 

In using the active preparations described herein, an osteogenic amount of the protein and/or active polypeptide 
and/or immunologically related entity, with or without a pharmaceutlcally acceptable carrier, is administered at or in the 
proximity of the site in the mammal at which bone inductbn is desired. Administration will depend on the age, condition, 
sex and other characteristics of the subject to be treated. Preferred administration is by implantatton. local injection or 
time controlled delivery using microcapsules, or other devk:es. Dosages will depend on the site and configuratbn of 
the area to be healed, such as, for example, a fracture zone. For example, a 5 cubic millimeter bone chip can be 
obtained with about 1 00 to 200 micrograms (^ig) of P3 protein administered or implanted locally in the form of an implant 
in about 100 mg of IBM. 

Active preparations can include other suitable bloactive materials such as growth factors, chemotactic agents, 
steroids, antibiotics, anti-inflammatory agents and the like. 

Also provkied by the present invention are alternative methods whereby the osteogenic protein present in the 
preparatton purified according to Example 1 may be treated so as to isolate the P3 OF 31-34 protein which is of 
extremely high purity and osteogenic potency. 

The process of Example 1 for obtaining the P3 family of immunologically related protein included a demineraitzation 
step, a guanidine extraction step, a size fractionation step in non-reducing denaturing solvents, a dialysis step and a 
reverse phase HPLC step. An Improvement of the size fracttonation step involved the use of molecular sizing fitters 
which could fractionate very large volumes of material and yiekJ a molecular weight cut between 5.000 or 1 0,000 daltons 
and 100,000 daltons (5K-100K or 10K-100K). A second improvement of the size fraction step relied on the pooling of 
protein fractions eiuting within narrower molecular weight ranges from a gel filtration chromatography column (Sephacr- 
yl S-200) run in a non-reducing denaturing solvent. Using the S-200 column, the osteogenic activity was eluted within 
the regton corresponding to a molecular weight range of 25,000-38,000 daltons. whereas the 7I and 7II pools used to 
purify the P3 protein had a molecular weight range of 1 4,000-40,000 daltons wherein the material immunoreactive with 
the antibodies directed against the major immunogenic determinants in the P3 protein migrated between the molecular 
weight range of 14,000-25,000 daltons (Figure 8)! 

With use of these improvements to the process, the osteogenic activity eluted from reverse phase HPLC columns 
within the same concentrattons of acetonitrile as those concentrations of acetonitrile required to elute the P3 family of 
related proteins. Reverse phase HPLC of the S-200 active pool (eiuting within the molecular weight range of 
25,000-38,000 daltons) altow further resolution of these components of P3 protein whtoh could be subfractlonated 
using additional or different fractionation steps. 

Fracttonation of the osteogenk:ally active pool of 25,000-38,000 dalton proteins using DEAE ion-exchange chro- 
matography columns (Pharmacia Chemicals, New Jersey) showed that the osteogenic activity does not bind to the 
DEAE column at pH 6.5 and thus could be separated from material which bind to DEAE-column. Further fracttonation 
of the osteogen toaify active protein preparation has been achieved using chromatofocusihg columns (Pharmacia Chem- 
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icats, New Jersey) whereby the activity is recovered at an apparent pH of 7.5 or great r. This extended purification 
work of osteogenically activ molecules in P3 proteins has also indicated that the osteogenic activity was distinct from 
the TGF-beta and TGF-beta immunoreactive material. The osteogenic activity bound binds to a Mono-S FPLC (Fast 
Prot in Liquid Chromatography) column (Pharmacia Chemicals. New Jersey) equilibrated at pH 6.5 and can be eluted 
5 at a NaCI concentration greater than that required to elut the TGF-beta or TGF-beta immunoreactive material. It was 
also found that the osteogenic activity in the S active pool eluted from Mono-S column again could be characterized 
by its elutlon from a reverse phase HPLC column within the same concentrations of acetonltrile required to elute the 
P3 proteins. 

10 Example 2 

Altemative Method for Purification of Bovine Osteogenic Factors 

This example illustrates an alternative method providing the complete purification of the osteogen ically active 
IS 31 ,000-34,000 dalton components of the P3 protein from larger quantities of bone powder and demonstrates that these 
protein components which are minor constituents of the P3 protein are osteogenically active in the essential absence 
of the major 22,000-24,000 dalton protein component. According to this example, bovine osteogenic factors were 
Isolated from demlneratized calf bone powder according to the procedure disclosed in Figure 9. Approximately 200 
pounds of diaphysial sections of calf bone were scraped clean of connective tissue and marrow was removed. The 
20 demarrowed sections were ground to a powder and washed with approximately 2100 liters of cold deionized water 
The bone powder was allowed to settle during the water washes and the suspended connective tissue fragments were 
removed with the supernatant and discarded. 

The bone powder was suspended in a total of approximately 570 liters of cold 0.5 M HCI for about 2 hours and 
was then allowed to settle. The HCI was removed with the supernatant and discarded. The remaining HCI was rerrraved 
25 by washing the bone powder with approximately 700 liters of cold deionized water, followed by approximately 350 liters 
of cold 0.1 M Tris, pH 7, solution. The demineralized bone powder (demineralized bone) was allowed to settle and the 
supernatant was discarded. 

The demineralized bone powder was suspended in approximately 140 liters of cold 4 M guanidine hydrochloride 
containing 0.01 M Tris, pH 7, and 0.001 M EDTA for about 20 hours. The extracted bone powder was removed by 

30 filtration and discarded. The supernatant (guanidine extract) was saved. 

The guanidine extract was filtered through Amicon spiral cartridges with an average molecular weight cutoff of 
100,000 daltons. The 100,000 dalton filtrate (100K filtrate) was then concentrated through Amicon spiral cartridges 
with molecular weight cutoffs of 10,000 daltons. The 10,000 dalton retentate (10K retentate) was saved and assayed 
for pH. conductivity, total protein content by BCA colorimetric protein assay (Pierce Chemicals, Rockford. Illinois), 

35 resolution of protein constituents in the preparations using reducing SDS-PAGE followed by silver staining or coomassie 
blue staining and determination of the osteogenic activity using the rat implant assay disclosed below in Example 3. 

The 10K retentate was exchanged into 6 M urea containing 50 mM 2-{N-morpholino)ethanesulfonic acid (MES), 
pH 6.5, by diafittration with an Amicon spiral cartridge with a nrK)lecular weight cutoff of 10,000 daltons. 

The diafiltered extract was adjusted to a pH of 6.5 using 5 M NaOH and a conductivity of 10 mS/cm using 5 M 

40 NaCI and applied to a 0.4 liter S-Sepharose column (Pharmacia Chemrcals, New Jersey) equilibrated with 6 M urea 
containing 50 mM MES, pH 6.5. adjusted to conductivity of 10 mS/cm. The column was washed with 2.4 liters of 6.0 
M urea containing 50 mM MES. pH 6.5, adjusted to a conductivity of 10 mS/cm to elute the unbound proteins. The S- 
Sepharose active pool (SS Pool) was eluted with 1.2 liters of 6.0 M urea containing 50 mM MES. pH 6.5, and 0.5 M 
NaCI. The S-Sepharose active pool was concentrated using membrane filters with an average molecular weight cutoff 

45 of 1 0,000 daltons. The pH and conductivity of the preparation were determined, the total protein content was measured 
by BCA protein assay, the protein constituents were analyzed using SDS-PAGE followed by silver staining and the 
osteogenic activity was determined using the rat implant assay 

The S-Sepharose active pool was gel filtered with a 3 liter Sephadex G-25 column (Pharmacia Chemicals, New 
Jersey) equilibrated with 6 M urea containing 20 mM ethanolamine, pH 9.5. The first protein peak containing the active 

50 pool (G-25 Pool) was eluted with 3 liters of 6 M urea containing 20 mM ethanolamine, pH 9.5. 

The G-25 Pool was applied to a 0.7 liter Q-Sepharose column (Pharmacia Chemicals, New Jersey) equilibrated 
with 6 M urea containing 20 mM ethanolamine, pH 9.5. The column was washed with 2.1 liters of 6 M urea containing 
20 mM ethanolamine, pH 9.5, to elute the unbound proteins. The osteogenically active protein pool (QS Pool) was 
eluted from Q-Sepharose column with 1 .4 titers of 6 M urea containing 20 mM ethanolamine, pH 9.5. and 0.2 M NaCI. 

55 The QS Pool was adjusted to a pH of 6-7 with glacial acetic acid and concentrated using membrane filters with an 
approximate molecular weight cutoff of 10.000 daltons. The QS Pool was assayed for pH and conductivity; the total 
protein content was determined by BCA protein assay, the protein constituents were analyzed by reducing SDS-PAGE 
followed by silver staining and the osteogenic activity was measured using the rat implant assay 
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Th QS Pool was then applied to a preparativ C-1 8 HPLC column equilibrated wrth a buffer containing, by volume, 
70% Buffer A (Buffer A is 0.05% trifluoroacetic acid in water) and 30% Buffer B (Buff r B is 0.025% trifluoroacetic acid 
in acetonitrile). Bound proteins wer eluted using a linear gradient of 30% to 60% acetonitrite in 120 minutes. As 
previously characterized for P3 protein of example 1 . the osteogenic activity (Prep HPLC Pool) eluted within the con- 

5 centrations of 35% to 45% acetonitrile. Th Prep HPLC Pool was lyophilized and resuspended in 1 ml of water. The 
Prep HPLC Pool was assayed for pH and conductivity; the total protein content was determined by BCA protein assay 
the protein constituents were analyzed by reducing SDS-PAGE followed by silver staining and the osteogenic activity 
was measured using the rat Implant assay. 

The Prep HPLC Pool was adjusted to a protein concentration of 0.5 mg/inni in 6 M urea containing 50 mM Tris, pH 

10 7.5-6.0, 20 mM ethanolamtne and 0.5 M NaCI and was applied to a 5-1 0 ml Chelating Sepharose 68 column (Pharmacia 
Chemicals. New Jersey) charged with Cu 2+ and equilibrated with 6 M urea containing 50 mM Tris, pH 7.5-8.0, 20 mM 
ethanotamine and 0.5 M NaCI. The column was washed with 5 column volumes of equilibration buffer followed by 10 
column volumes of 6 M urea containing 50 mM Tris, pH 7.4-7.8, to elute the unbound proteins. Bound proteins were 
eluted with 10 column volumes of 6 M urea containing 50 mM Tris, pH 7.4-7.8, and 4 mM imidazole. The osteogenic 

IS activity (CC Pool) was eluted from the copper chelate column with 10 column volumes of 6 M urea containing 50 mM 
Tris, pH 7.4-7.8, and 1 5 mM imidazole. The CC Pool was assayed for total protein as estimated by absorbence at 280 
nm, and its osteogenic activity was measured using the rat implant assay. 

Ttie CC Pool was adjusted to 25% amnrK)nium sulfate and loaded onto a 1-3 ml column of Phenyl-Sepharose 
(Pharmacia Chemicals, New Jersey) equilibrated with 6 M urea containing 25% ammonium sulfate. 50 mM Tris pH 

20 7,4-7.8, The column was washed with 10 column volumes of 6 M urea containing 25% ammonium sulfate, and 50 mM 
Tris pH 7.4-7.8, to elute the unbound proteins. Bound proteins were eluted with 10 column volumes of 6 M urea con- 
taining 1 5% ammonium sulfate, 50 mM Tris pH 7.4-7.8. The osteogenic activity (PS Pool) was eluted from the Phenyl- 
Sepharose column with 6 M urea containing 50 mM Tris pH 7.4-7.8, was assayed for total protein as estimated by 
absorbence at 280 nm, and its osteogenic activity was measured using the rat Implant assay. 

25 The PS Pool was applied to a semi-preparative or analytical C-1 8 HPLC column equilibrated with a buffer con- 

taining, by volume, 70% Buffer A and 30% Buffer B, as described previously (Buffer A is 0.05% trifluoroacetic acid in 
water and Buffer B is 0.025% trifluoroacetic acid in acetonitrile). Bound proteins were eluted using a linear gradient of 
30% to 60% acetonitrile. As was previously characterized, the osteogenic activity (HPLC Pool) eluted within the con- 
centrations of 35% to 45% acetonitrile. The HPLC Pool was assayed for total protein as estimated by absorbence at 

30 229 nm and its osteogenic activity was measured using the rat implant assay. 

Characterization of Bovine Osteogenic Factors 

In the following examples, preparations of bovine osteogenic factors were characterized according to various pro- 
^ cedures. 

Example 3 

Biological Activity 

40 

The induction of bone matrix was measured using a rat implant assay as generally described by Sen, V^lker and 
Einarson, 1986. In Development and Diseases of Cartilage and Bone Matrix, eds. A. Sen and T. Thomhill, pp. 201-220. 
Alan R. Liss, New York and Sampath and Reddi, Proc. Natl. Acad. Sci. U.S.A.. 80:6591-6595 (1983). Approximately 
70-100 mg of inactive bone matrix (bone collagen) was mixed with an aqueous solutbn of osteogenic protein prepa- 

^5 ratbn and the water removed by lyophilization. The dried coated granules were packed in gelatin capsules (Eli Lilly 
#5) and each capsule was subcutaneously implanted near the thigh muscles in each back leg of male Long Evans 
rats. The implanted rats were sacrificed 21 to 28 days following implantation and the implant tissue was surgk:ally 
removed and placed in Bouin's Solution. The specimens were then decalcified and processed for toluidine blue stained 
sections, Histomorphology and percent ossification was determined by examination of the stained sections. Potency 

^ is defined by the amount of protein (mg) required for implantation with inactive bone matrix yielding at least 1 0% of the 
area of the stained sections occupied by osteoid activity. 



Table 3 



Purification of Osteogenic Factors 


Sample 


Total Protein 


Potency in Rat (mg/implant) 


Guanidine Extract 


130,000-170,000 mg 
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Table 3 (continued) 



Purification of Osteogenic Factors 


SampI 


Total Protein 


Potency in Rat (mg/implant) 


10K Retentat 


6.000-15.000 mg 


10.0 


S-S Pool 


300-900 mg 


1.0 


QSPool 


70-250 mg 


0.25 


Prep HPLC Active Pool 


4-1 2 mg 


0.05 


CCPool 


2-5 mg 


0.025 


PS Pool 


0,5-1 mg 


0.01 


HPLC Active Pool 


0.01-0.05 mg 


0.001 



The increase in potency of the various osteogen icalty active protein preparations obtained using purification steps 
according to Example 2 is shown in Table 3. above, with the HPLC Active Pool having a potency of 0.001 mg/implant 
which is significantly higher than the P3 protein produced according to Example 1 . 

Example 4 

2^ Estimation of Molecular Weight of Osteogenic Activity 

Osteogenically active protein preparations, obtained using various purification steps described in Example 2, were 
suspended in SDS sample dilution buffer (in the absence of reducing reagents) and applied to a 10% SDS potyacry- 
lamide gel and etectrophoresed. Molecular weights were detemnined relative to either prestained molecular weight 
standards (Bethesda Research 1-abs, Gaithersburg, Maryland) or non-prestained nrx)lecular weight standards (Bio- 
Rad. Richmond, California). After completion, the gel lanes were sliced into pieces. Each piece was electroeluted to 
extract the protein. The etuted protein was precipitated with acetone, resuspended in guanidine hydrochloride, dialyzed 
against water, lyophilized onto inactive bone matrix and implanted into rats to assay osteogenic activity according to 
Example 3. In this gel system, the osteogenic activity was eluted from gel slices corresponding to the apparent molecular 
weight range of 28,000-34,000 daltons. 

Example 5 

Molecular Weight of Purified Osteogenic Factors 

35 

Purified osteogenically active protein preparation as obtained in the HPLC Active Pool of Example 2 were sus- 
pended in SDS dilution buffer in the absence of reducing reagents (-DTT), electrophoresed on 12.5% or 15% SDS 
polyacrytamide gels and the protein bands visualized by silver staining. Molecular weights are determined relative to 
non-prestained molecular weight standards (Bio-Rad). This gel system revealed that the HPLC Active Pool contained 
protein bands which migrate within the molecular weight range of 31,000-34,000 daltons (see Figure 10A). 



Example 6 

Determination of Molecular Weights of Purified Osteogenic Factors Under Reducing Conditions and Purification of 
Reduced Subunits 

Purified osteogenically active proteins in the HPLC Active Pool were subjected to an alternative analytical method 
whereby protein subunits held together by disulfide bonds can be resolved by reduction of these bonds in SDS dilutbn 
buffer in the presence of a reducing agent (dithiothreitol or p-mercaptoethanol) and electrophoreses on 12.5% or 15% 
SDS polyacrylamide gels. Molecular weights were detemnined relative to non-prestained molecular weight standards 
(Bio-Rad). In this gel system, the HPLC Active Pool revealed proteins migrating as two broad bands within the molecular 
weight ranges of 16,000-17,500 and 17,500-19,000 daltons (see Figure 10B). 

The HPLC Active Pool was made 6 M in guanidine hydrochloride, 50 mM in ethanolamtne and 50 mM in dithiothreitol 
to reduce the disulfide bonds. The reduced sample was diluted at least 2 fold with either water or 0.05% trifluoroacetic 
acid in water and loaded onto an analytical C-18 HPLC column equilibrated with a buffer comprising, by volume, 70% 
Buffer A and 30% Buffer B. as described previously (Buffer A is 0.05% trifluoroacetic acid in water and Buffer B is 
0.025% trifluoroacetic acid in acetonitrtle). Bound proteins were eluted using a linear gradient of 30% to 60% acetonitrile 
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in 60 minutes. Four prominent peaks ot protein, designated A. B, C and D. were detected by monitoring UV absorbence 
at 229 nm; thes eluted within the concentrations of 40% to 47% acetonitril (se Figur 11 A). When analyzed by 
reducing SDS gel lectrophoresis followed by silver staining, the reduced subunit A migrated within th molecular 
weight range of 17,500-19,000 daltons. th reduced subunit B migrated within th molecular weight range of 
5 16.000-17,500, the reduced subunit C migrated within the molecular weight range of 17,500-19,000 and the reduced 
subunit D migrated within the molecular weight range of 17,500-19,000 (see Figure 118). 

Example 7 

10 Amino Acid Sequences of Bovine Osteogen icallv Active Proteins P3 OF 31-34 

The isolated reduced subunrts purified from HPLC Active Pool as disclosed in Example 6, were analyzed by a gas 
phase sequenator (Applied Biosystems. Model 470A), and found to have the following amino^emninal sequences: 

Subunit A: SAPGRRRQQARNRSTPAQDV 
Subunit C: SXKHXXQRXRKKNNN 
Subunit D: STGGKQRSQNRSKTPKNQEA 

20 

where the amino acids are represented by the well known one-letter and three-letter designations presented in Table 
4 below. 



Table 4 



25 



35 



Amino Acid 


Three-Letter Abbreviation 


One-Letter Symbol 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic Acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 


Glutamic acid 


Glu 


E 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


He 


1 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 


Undetermined 




X 



50 

The isolated subunit B yielded no detectable amino-terminal sequence. When subunit B was digested with Staph 
V8 protease, and rechromatographed by HPLC. two detectable internal fragments were isolated having the following 
amino acid sequences: 

55 

Subunit B: XWLKNYQDMV 
XEKWLKNYQDM 
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where X represents an unassign d amino acid. 
Example 8 

5 Osteogenic Compositions for Implantation 

The osteogenic preparations of the invention may be used to prepare osteogenic compositions for implantation 
into nrammals. The Prep HPLC Pool of Example 2 may be admixed with one or more of a variety of physiologically 
acceptable matrices. Such matrices may be resorbable, non-resorbable or partially resorbable. Resorbable matrices 
10 include polylactic acid potycaprolactic acid, polyglycolic acid, collagen, plaster of paris and a variety of thermoplastic 
polymer materials. Non-resorbable materials include hydroxyapatite and partially resorbable materials include matrrces 
such as tricalcium phosphate. The Prep HPLC Active Pool may be adsorbed onto the matrix material which can be 
either in a granular or solid form. The osteogenic composition may then be dried by lyophilizatbn. 

15 Example 9 

Device Coated With Osteogenic Preparations 

In this example, the Prep HPLC Active Pool of Example 2 containing the osteogenically active proteins was used 

20 to form osteogenically active devices useful for the healing of bone defects. The devices were prepared by absorbing 
the Prep HPLC Active Pool onto solid delivery matrices comprising either a porous hydroxyapatite disc (Interpore 200, 
Interpore International. Irvine, CA) or a porous polylactic acid disc (DRILAC, OSMED Incorporated, Costa Mesa, CA). 
The discs were 8 to 10 mm in diameter and 3 mm thick and were coated with 0.2 to 0.3 mg of the Prep HPLC Active 
Pool which was dried onto the matrices by lyophilization. The device may then be sterilized by gamma-irradiation with 

25 as much as 3.3 to 3.5 M rads or other suitable means. The devices comprising the osteogenic preparation and the 
matrix were implanted into trephine defects created in New Zealand Albino Female rabbits, weighing 2.5 to 3.0 kg. 
Specifically, test devices either coated with the osteogenic preparation or not coated with the osteogenic preparation 
were surgically implanted into the calvaria using appropriate aseptic surgical techniques. Animals were anesthetized 
with an intramuscular injection of Ketamine and Xylazine. Following a midline incision, the calvarium was exposed and 

30 two trephine holes (one on each side of the mkJIine) 5 mm posterior to the orbits, 8-1 0 mm in diameter and to the depth 
of the dura were cut into the calvarium. Trephine defects were created using a Stille cranial drill, exercising great care 
riot to injure the dura. A test devtee was implanted into one trephine hole while the trephine hole on the opposite side 
was left empty. Following surgical implantation, antibiotic prophylaxis with penicillin and streptomycin was administered. 
The animals were followed daily by clinical observations. At explant, the calvaria was removed en block. The specimens 

35 were fixed in 10% buffered formalin, decalcified and processed for hematoxylin and eosin stained secttons. Histomor- 
phology and qualitative determination of percent ossification was determined by examinatton of the stained sections 
(see Table 5 below). The percent area of activity is estimated by eye from the fields of view, or fraction of fields of view, 
of newly fomned bone matrix as compared to the total fields of view not occupied by the matrix in the entire full cross 



40 


section. 

Table 5 








% Ossification in Devices Implanted into Rabbit Trephine Defects 




Time of Explant Test Device 


6 weeks 


12 weeks 


45 
50 


Uncoated Hydroxyapatite 
Uncoated Polylactic Acid 

Hydroxyapatite Coated with Osteogenic Preparation 
Polylactic Acid Coated with Osteogenic Preparation 

Hydroxyapatite Coated with Osteogenic Preparation and Treated with Gamma-Irradiation 


<10% 
<10% 
>90% 
>90% 
>75% 


<:25% 
<10% 
>90% 
>90% 
>90% 



Example 10 



Amino Acid Sequences of CNBr Fragments of P3 OF 31-34 

55 

The isolated reduced subunits purified from HPLC Active Pool (Example 6) were adsorbed onto polyvinylidin 
difloride (PVDF) transfer membrane (Millipore, Bedford, MA), exposed to vapors from 80 mg/ml CNBr in 70% formic 
acid for 15 to 20 hours and sequenced using the gas phase sequenator. The following amino acki sequences are 
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represented by the well-known one-letter designations presented in Table 4. 

Sub unit A. following cleavage with CNBr. yielded sequences from th simultaneous sequencing of s veral frag- 
ments corresponding to the amino t rminal sequenc described in Example 7: 

ANt : SAPGRRRQQARNRSTPAQDV 

and an internal fragment: 

Al: NPEYVPK 

Subunit B. following cleavage with CNBr. yielded sequences from the simultaneous sequencing of two internal 
fragments: 

Bl: LYLDENEK 
82: WEGXGKR 

When compared with the sequences of fragments of subunit B cleaved with staph V8 protease (Example 7). fragments 
B1 and B2 contain overlapping regbns, allowing an extended internal sequence in subunit B: 

2s Bl : LYLDENEK 

Staph V8: XEKWLKNYQDM 
Staph V8: XWLKNYQDMV 

B2 : WEGXGXR 

Consensus : LYLDENEKWLKNYQDMVVEGXGXR 



10 



15 



20 



30 



Subunit D, following cleavage with CNBr. yielded sequences from the simultaneous sequencing of several frag- 
ments corresponding to the amino terminal sequence described in Example 7: 

35 

DNt : STGGKQRSQNRSKTPKNQEA 

and an intemal sequence: 

40 

Dl : XATNHAI VQTLVHF I N 

The isolated reduced subunit C, purified from the HPLG Active Pool (Example 6), was adsorbed onto a PVDF 
45 transfer membrane, subjected to 20 cycles of amino terminal sequencing using the gas phase sequenator. subjected 
to cleavage by CNBr vapors, and then sequenced using the gas phase sequenator. Subunit C. following cleavage with 
CNBr, yielded the following internal sequence: 

so CI : LYLXEYDXWLXWYQ 

The amino terminal and intemal sequences of subunits A, B, C and D derived from bovine bone can be aligned 
with honK)logous regions from the deduced amino acid sequences of cDNA clones encoding the polypeptides desig- 
nated BMP-2A, BMP-2B and Vgr-1 (Figure 12). Homologous regbns for the deduced sequences of BMP-2A. BMP- 
55 2B(Wo2ney, etal., Science, 242, 1528-1 534 (1988)) and Vgr-1 (Lyons, etal.. Proc. Natl. Acad. Sci. USA. 86, 4554-4558 
(1989)) are boxed. Homologous residu s in the sequences for bovine subunits A. B, C and D. as compared to th 
deduced sequences for BMP-2A, BMP-2B and Vgr-1, ar bold-faced. Comparison of the similarities and differences 
of the sequences of subunits B and C and the sequences of BMP-2A and BMP-2B indicate that bovine subunit B shares 



19 



EP 0 394 418 B1 

the same sequenc as BMP-2A whit bovine subunit C shares the sam sequenc as BMP-2B. 
Example 11 

5 Subunit Compositions of Purified OsteogenicaHv Active Proteins P3 OF 31-34 

Individual fractions, etuting within the HPLC active pool (Example 5) and containing the osteogen icatty active pro- 
teins P30F3t:34 (Figure 13A), were analyzed by SDS polyacrytamide gel electrophoresis in the absence of reducing 
reagents (Figure 138). Figure 13A shows the elution profile obtained by high performance liquid chromatography, on 

10 a reverse phase CI 8 column of the PS Pool. Figure 1 3B shows non-reducing SDS potyacrylamide gel electrophoresis 
of P3 OF 31 -34 proteins eluting in fractions 26, 27 and 28 from the reverse phase HPLC of the PS Pool. These individual 
fractions were further analyzed (as described in Example 6) by reduction of the disulfide bonds with 50 mM dithiothreitol 
in 50 mM ethanolamine and 6 M guanidine hydrochloride and chromatography on a CIS HPLC column (Figure 14). 
Figure 14A shows the isolation and identification of subunits of the P3 OF 31-34 proteins eluting in fraction 26 from 

IS the reverse phase HPLC of the PS Pool, while Figure 1 4B shows the isolation arxJ identification of P30F 31-34 proteins 
eluting in fraction 28. Subunits A, B. C and D are designated by the solid lines in the figures. Fraction 26. the sample 
comprising the lowermost band of the P3 OF 31 -34 region (Band I of Figure 1 3B), was found to contain predominantly 
subunits B and D with smaller amounts of subunits A and C. Fraction 28, the sample comprising predominantly the 
uppermost band of the P3 OF 31 -34 region (Band tl of Figure 13B), together with a smaller amount of Band I. was 

20 found to contain increased amounts of subunits A and C. and a decreased amount of subunit D, as compared to the 
relative amount of subunit B. 

These individual fractions, eluting within the HPLC active pool and containing the osteogenicalty active proteins 
P3 OF 31-34. were electrophoresed on 12.5% SDS polyacrylamide gels in the absence of reducing reagent (-DTT), 
electrophoretically transferred to polyvtnylidine difloride (PVDF) transfer membranes in the presence of 10% methanol. 

25 1 0 mM cyclohexylamino-1 -propanesulfonic acid, pH 10-11, at 0.5 amp for 1 5 to 30 minutes, and visualized by staining 
with Coomassie brilliant blue R250. Individual protein bands in the region of P3 OF 31 -34. defined here as Band I 
(lower) and Band II (upper), were sliced from the membrane and subjected Hrst to N-terminal sequencing, and then to 
internal sequencing following treatment with CNBr as described in Example 10. These procedures revealed the fol- 
lowing sequence for Bands I and II: 

30 

Subunit 



Band Sequenced Sequences Identity 

Band I Internal XATNXAIVQTL D 

LYLDEXEXWL B 

Band II N-Terminal XXXGRRXQ A 

XXGGXQR D 

Band II Internal LYLDXNXXWLXN B 

XPEXVPX A 



^5 where the amino acids are represented by the well-known one-letter designations presented in Table 4. 

These results indicated that Band I, the towermost band of the P3 OF 31-34 proteins, contains predominantly 
subunits D and B, and that Band 11, the uppermost band of the P3 OF 31 -34 proteins, contains predominantly subunits 
A and B. These compositions, as well as the observation that these subunits are purified as dtsu [fide-linked dimers in 
the purified P3 OF 31 -34 proteins (Examples 5 and 6), indicate that subunits A and B may be disutfide-linked as a 

so heterodimer, and that subunits D and B may be disulfide-l inked as another heterodimer. 

Example 12 

Polyclonal Antisera Against Osteogenicalty Active Proteins P3 OF 31 -34 

55 

Antisera specific for proteins containing subunits A or D were generated against the following synthetic peptides 
obtained from Peninsula Laboratories, Belmont, California: 
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Antigen 

Subunit A (SAPGRRRQQARNRSTPAQDV)QlyS7 
Subunit D (STGGKRRSQNRSKTPKNQEAjglys^ 



Antibody 
Designation 

AbANt 



5 



AbDNt 



Antisera were generated in rabbits (3- to 6-month-oId New Zealand white male) using standard procedures of 
10 subcutaneous injections, first In complete Freunds adjuvant, and later (at 14 and 21 days) in incomplete Freunds 
adjuvant folbwed by bleeding and preparation of antisera. 

The AbANt and AbDNt antisera were cross-reactive with the synthetic peptide antigens when used in an ELISA 
or Dot Blot format and the reduced subunils A and D when used in a Western Blot format. The AbANt and AbDNt 
antisera were also cross-reactive with the osteogenically active proteins P3 OF 31 -34 when used in either an ELISA. 
IS Western or Dot Blot fonmat. These antisera are not cross-reactive with any presently defined form of subunit B or 
subunit C as determined by Western Blot and Dot Blot analysis as against purified subunit B and subunit C. 

Example 13 

20 Presence of P3 OF 31 -34 Proteins in P3 

The protein contained in P3 was isolated substantially as described in Example 1 and Figures 2 and 3. and was 
purified utilizing gel filtration on Sepharose S-200 and reverse-phase HPLC on a Protesil 300 octyl column equilibrated 
in 0.1% TFA and 10% AON. The protein was then suspended in a SDS dilution buffer in the presence of reducing 

25 agents (+DTT) and electrophoresed on 1 2.5 or 1 5% SDS polyacrylamide gels (SDS-PAGE). Proteins contained within 
the gel were visualized using Coomassie brilliant blue, or were electrophoretically transferred to nitrocellulose in the 
presence of 10% methanol, 10 mM cyctohexylamino-1-propanesulfonlc acid (CAPS), pH 10-11, at 0.5 amp for 15 to 
30 minutes. The nitrocellulose filter was treated for Western Blot analysis utilizing antibodies generated against syn- 
thetic peptides of the N terminal sequences of subunit A (AbANt) and subunit D (AbDhJt). 

30 The nitrocellulose paper containing the protein was placed in a solution-designated buffer P (composed of 20 mM 

phosphate. pH 7,4; 0.15 M NaCI; 0.05% Tween-20; 0.25% gelatin; and 0.02% sodium azide) for a minimum of 1 hour 
at 22°G with agitation. 

Buffer P was then replaced by buffer Q (composed of buffer P plus antibodies AbANt and AbDNt) for a minimum 
of one hour at 22'*C (or overnight at 4°C). Buffer Q was replaced by Buffer P, which was changed four times over a 
35 minimum of one hour. Buffer P was replaced by Buffer R (buffer P plus i25| protein A at 2.5 x lO^ cpnn/ml, Amersham) 
and incubated for one hour at 22*C with agitation. Buffer R was replaced by Buffer P. which was changed at least four 
times during one hour of incubation. 

The moist nitrocellulose filter was placed between sheets of plastic wrap, and together with a lighting screen and 
X-ray film (Dupont Cronex, Wilmington. DE), enclosed in a light-proof folder, and placed at -70*C for an appropriate 
40 period of time. The exposed film was developed using standard techniques and equipment, and the resulting autora- 
diograph shown in Figure 15 denrtonstrates the presence of subunits A and/or D within the P3 fraction. 

Example 14 

45 GIvcosvlation of Bovine Osteogenically Active Protein P3 OF 31-34 

Reduced subunits A and D were purified from HPLC active pool as disclosed in Example 6 and were subjected to 
digestion by Peptide-N^ (N-acetyl-beta-glucosaminyl) arginine amidase (N-glycanase. Genzyme) and endo-beta-N- 
acetyl glucosaminidase H (endo H, Genzyme) according to manufacturer's specifications. The relative molecular 

50 weights of the reduced subunits, both before and after digestion with the endoglycosidases, was evaluated by elec- 
trophoresis on a 1 5% SDS polyacrylamide gel, folbwed by Western analysis using the antibodies designated as AbANt 
and AbDNt. Figure 16 shows reducing SDS polyacrylamide gel electrophoresis of reduced subunits A and D before 
and after treatment with either endo H or N-glycanase. Western Blot analysis of isolated reduced subunit A; both before 
and after treatment with glycosidases. is shown in panel A. Western Blot analysis of isolated reduced subunit D, both 

55 before and after treatment with glycosidases, is shown in panel D. A decrease in th relative molecular weights, from 
approximately 17,500-19,000 daltons to 14,000-16.000 daltons, of each of th digested subunits A and D, indicated 
that the subunits A and D contain asparagine-linked carbohydrate which was sensitive to digestion either by endo H 
or N-glycanase. 



21 



EP0d94 418 B1 



Example 15 

Identification of Sequences of Human cDNA Encoding Proteins Homologous to Subunit D of Bovine Osteogen icallv 
Active Proteins P3 OF 31-34 

A variety of techniques can be used to identify sequences of human DNA encoding proteins honrK>logous to a 
particular sequenced protein. Such methods include the screening of human DNA. hunr^n genomic libraries and hunnan 
cDNA libraries. A variety of oligonucleotide probes can be used including probes exactly complementary to the human 
DNA sequence, mixtures of probes complementary to all or some of the possble DNA sequences coding for the par- 
ticular protein sequence, degenerate probes synthesized such that all possible sequences complementary to all pos- 
sible DNA sequences coding for the particular protein sequence are represented, and degenerate probes synthesized 
using nucleotide analogues such as deoxyinostne triphosphate. In this example, the polymerase chain reaction (PCR) 
technique was used to amplify sequences of human cDNA encoding proteins homologous to subunit D of bovine 
osteogenically active proteins P30F 31-34. 

Preparation of cDNA from U-2 OS Cells 

The human osteogenic sarcoma cell line U-2 OS was obtained from the ATCC (American Type Culture Collection, 
Rockvilte, MD) and maintained in McCoy's 5a medium supplemented with 10% fetal calf serum and 1% gtutamine/ 
20 penicillin/streptomycin. Unless otherwise described, DNA nr^niputations, definition of tennas, and compositions of buff- 
ers and solutions are described by Maniatis, T, et al., Molecular Cloning : A Laboratory Manual (1982). Poly (A)+ RNA 
was isolated from U-2 OS cells using the Fast Track-mRNA isolation kit from Invitrogen (San Diego, CA). A first strand 
cDNA copy of the mRNA was generated with oligo (dT) as the primer using the AMV Reverse Transcriptase System 
I from Bethesda Research Laboratories (BRL, Gaithersburg, MD). Each reaction used 1 ^g of poly (A)+ RNA which 
2S was reverse transcribed into first strand cDNA that was used as template in eight separate polymerase chain reaction 
(PCR) DNA amplification reactions. Following cDNA synthesis, RNA was hydrolyzed by treatment with 50 mM NaOH 
at 65°C. followed by neutralization in 0.2 N HCI. 

PCR Amplification 

30 

Polymerase chain reaction (PCR), as described by R.K. Saiki, et al.. Science 239:487^91 (1988), was used to 
amplify DNA from U-2 OS cDNA prepared as described above. Oligonucleotide primers for PCR were synthesized on 
an automated DNA synthesizer and were derived from the amino terminal and internal amino acid sequences of bovine 
subunit D. The 5' PCR primer, designated ODM-1, corresponded to sequence from the first 11 amino acids from the 

35 amino tenminus of bovine subunit D, namely STGGKQRSQNR. This 32-mer contained all possible combinations of 
nucleotide sequence coding for this sequence of amino acids and was greater than 4-million-fold degenerate. The 
nucleotide sequence of ODM-1 was 5'-[T/A][C/G]NACNGGNGGNAA[G/A]CA[G/A][C/A]GN [T/A][C/G]NCA[G/A]AA[C/ 
T][C/A]G-3'. Bracketed nucleotides are alternatives, and "N" means all alternatives (A, C. T and G). 

The 3' PCR primer corresponded to an intemal sequence of bovine subunit D, namely, NHAIVQTLVHFIN, and 

40 was synthesized as the inverse and complementary sequence. This oligonucleotide primer was designated ODB-1 
and had the sequence 5'-! M I I I I IGGATCC[G/A]TTXAT [G/A]AA[G/AJTGXACXA[G/A]XGT[C/T]TGXACXATXGC 
[G/A1TG[G/A]T T-3'. Bracketed nucleotides are alternatives, and "X" represents the nucleotide analog deoxyinosine- 
triphosphate (dITP), which was used in all positions where all four of the nucleotides (A, C, T or G) were possible. The 
sequence is preceded on the 5' end by a string of eight T*s, followed by the sequence GGATCC which designates a 

45 BamHI recognitkm site, leaving a stretch of 39 nucleotides corresponding to the intemal amino acid sequence of bovine 
subunit D. 

Amp{ificatk>n of DNA sequences coding proteins homologous to bovine subunit D using these two primers was 
accomplished using the Perkin-Elmer Cetus Gene Amp DNA Amplification Reagent Kit (obtained either from Perkin- 
Elmer Cetus, Norwalk, CT, or United States Biochemical Corporation, Cleveland, OH). The PCR reaction contained 1 
50 ng of each primer ODM-1 and ODB-1 . 1/8 of the synthesized U-2 OS first strand cDNA (approximately 25-50 ng), 200 
^lM of each dNTP, and 2.5U Ampli-Tag DNA Polymerase in the kit-supplied reaction buffer of 50 mM KCI, 1.5 mM 
MgClg, 0. 1 % (w/v) gelatin. PCR was performed for 30 cycles consisting of 1 .5 minutes denaturation at 94**C, 2 minutes 
annealing at 50*C and 3 minutes elongation at 72**C. After the 30 cycles, a final 10-minute elongation at 72**C is 
performed. 

55 The PCR products were analyzed by agarose gel electrophoresis, which revealed a major band of amplified DNA 

of approximately 300 bp. A Southern Blot was performed in which the DNA in th gel was transferred to a Nytran nybn 
membrane (Schleicher and Schuelt, Keene, NH) using an LKB N^cugene N^cuum Blotting Unit, and then the DNA was 
UV-crosslinked to th membrane using a Stratalinker (Stratagene, La Jolla, CA). The membrane was probed for am- 
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plified sequences encoding proteins homologous to bovine subunit 0 using a prob corresponding to the amino acid 
sequence KTPKNQE ALR, This sequence is found near the amino terminus of bovine subunit D, following the sequence 
used to constructed the 5' PGR primer. This probe Wfould ther fore hybridize to amplified sequences that encode pro- 
teins homologous to bovine subunit D without overlapping either of the two primers used in the amplification. This 

5 29-mer probe was designated ODibb and had the sequence AAXACXCCXAA(G/A]AA[CyT]CAXG AIG/A] GCX[C/TJTX 
[C/A]G, where bracketed nucleotides are alternative and "X" represents dITR which was used in posittons where all 
four nucleotides (A, C, T or G) were possible. The Southem Blot was prehybridized at 42°C in SxSSPE, 0.5% SDS, 
3x Denhardt*s. 1 00 fig/ml salmon sperm DMA. then hybridized at 42'*C in SxSSPE, 0.5% SDS to the ODibb probe which 
had been radioactivety labelled using polynucleotide kinase and y[^P]ATP. The blot was washed at 42^0 In 2xSSC. 

10 0.1% SDS. Autoradiography of the blot showed that ODibb hybridized specifically to the 300-bp PCR-ampIifled DNA. 

Example 16 

Cloning and Sequencing of Human cDNA's Encoding Proteins Homologous to Subunit D of Bovine Osteogenicallv 
IS Active Proteins P3 OF 31-34 

5' phosphates were added to the blunt-ended PGR product of Example 15 using kinase and ATP, and the DNA 
was then ligated into the Smal cut (blunt end) site of the vector pT7T3 18U (Phamnacia, Piscataway, NJ). Foltowing 
digestbn with Smal to linearize any religated vector, the recombinant plasmid DNA was used to transform E. coli TGI 

20 cells. Several transfomnants were picked and used to purify plasmid DNA by a mini-lysate procedure. The size of the 
insert contained in these plasmids was confirmed to be 300 bp by restriction analysis. 

DNAs from seven different transformants were sequenced by dideoxy sequencing methods (Sequenase, United 
States Biochemical Gorp). The sequences of three of these clones were identical to each other and, when translated 
to amino acid sequence, it was confirmed that they were homologous to the sequence of bovine subunit D. The se- 

2S quence of the PCR-ampIified DNA, designated "hOD," is shown in Figure 1 7, along with the known and derived amino 
acid sequences. Only the DNA sequence between the two primers is shown, since the degeneracy of the primers did 
not allow the identification of the exact sequence in these regions. The sequence of the first 34 amplified nucleotides 
foltowing the ODM-1 primer codes for amino acid sequence prevtously kJentified in bovine subunit D. 

The sequences of the other four recombinant clones, while identical to each other, were different from the hOD- 

30 amplified sequence and encoded a different sequence of amino acids. This family of clones was designated "hOE." 
and its sequence is shown in Figure 18. Figure 19 shows the homology between hOD and hOE-amplified sequences, 
indicating 69-70% identity at both the nucleotide and amino acid level in this region. Figure 19A shows the homology 
between the derived amino ackJ sequences of the PCR-amplified hOD and hOE sequences wherein the homologous 
residues are bold-faced. In the region foltowing the first cysteine reskiue, these two sequences share 39/44 identical 

3S amino acids, a highly consen/ed region among the members of the TGF-P family. Figure 198 shows the homology 
between the nucleotide sequences of the PCR-amplified sequences designated hOD and hOE. 

Example 17 

40 Recombinant Expression of P3 OF 31-34 Subunits 

Complete and partial P3 OF 31 -34 subunit polypeptide products and analogs may be prepared utilizing recombinant 
DNA molecules in bacteria, yeast or mammalian expresston systems. DNA encoding products based on amino acid 
sequences derived from isolated P3 OF 31-34 subunits according to the present invention can be inserted into an 

45 expression vector, for example, a plasmid, phage or viral expression vector [Vieira, et al.. Gene, ^9, 259-268 (1 982); 
Young, etal.. Proc. Natl. Acad. Sci. (USA) . 80, 1194-1198 (1983); Bitter, et al.. Gene, 32. 263-274 (1984); Cepko, et 
al..Cell, 37. 1053-1062 (1984); and Gomian. et al.. Mol. Cell. Biol. . 2. 1044-1051 (1982)]. 

In particular, P3QF 31-34 subunits D and E may be produced by expression of DNA characterized by nucleotide 
sequences set out in Figures 17 and 18. respectively. Alternatively, DNA characterized by nucleotide sequences en- 

so coding the same sequence of amino acids as set out in Figures 1 7 and 1 8 could be inserted into an expression vector 
for the same purpose. Analogs of these subunits could also be prepared by means of DNA sequences which hybridize 
(or which would hybrtoize but for the redundancy of the genetic code) with at least 80% of the nucleotide sequence 
shown in Figures 17 and 18. 

Another aspect of applicants' invention involves the preparation of osteogenic materials comprising dimers of sub- 

ss unit D and heterodimers of subunit D and subunit B. Osteogenically active dimers can be produced either by expression 
of nucleic acid sequences encoding subunit D and subunit B in the same cell allowing disulfide bonds to form during 
the biosynthetic process, or by separately expressing each subunit in different cells and then combining each expressed 
subunit in such a way as to form a disulfide linked dimer. Dimers of subunit A and heterodimers of subunit A and subunit 
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B could similarly be prepared. Osteogenic preparations comprising recombinant produced dim rs and heterodimers 
could be prepared which would hav th same osteogenic activity as th P3 OF 31 -34 osteogenic pr paration Rotated 
according to applicants' methods. Similarly, heterodimers, in which a polypeptide highly homologous to subunit B, such 
assubunit C, is substituted for subunit B, could also be produced. Pharmaceutically acc ptable compositions comprised 
5 of such recombinant produc d polypeptides in conjunction with physiologically acceptable matrix mat rials may be 
prepared and used in the same manner as with polypeptides isolated from human bone. 

Numerous modifications and variations in the practice of the invention are expected to occur to those skilled in the 
art upon consideration of the foregoing descriptions of preferred embodiments thereof. Consequently, only such limi- 
tations should be placed upon the inventbn as appear in the following claims. 

10 

Claims 

1 . A preparation of an osteogenic protein characterized by a molecular weight of from about 31 .000 to about 34,000 
IS daltons as characterized by non-reducing denaturing gel filtration and further by the characteristic of eluting at 

concentrations of between 35% and 45% acetonitrile from a reverse phase high performance liquid chromatogra- 
phy column equilibrated with buffers containing water, acetronitrile and between 0.025% and 0.05%trifluoroacetic 
acid, wherein said osteogenic protein comprises a heterodimer of two non-identical subunits linked to each other 
by at least one disulfide bond and having in its reduced state at least one protein subunit whteh comigrates on 
20 reducing sodium dodecyl sulfate polyacylamide gels with proteins within the nrtolecular weight range of 17,500 to 

19,000 or the range of 16,000 to 17,500 daltons, wherein one of said subunits of the heterodimer is characterized 
by an amino-terminal sequence of: 

25 STGGKQRSQNRSKTPKNQEA 

or is characterized by an intemal amino acid sequence of: 

XATNHAI VQTLVHFIN, and the other subunit of said heterodimer is characterized by the intemal sequence of: 

30 

LYLDENEK, XWLKNYQDMV, XEKWLKNYQDM OR WEGXGXR 

wherein X represents an undetermined amino acid. 
3S 2. The preparation according to Claim 1 wherein the subunit characterized by an amino-terminal sequence of: 

STGGKQRSQNRSKTPKNQEA 

40 contains asparagine-linked carbohydrate. 

3. The preparation according to Claim 1 or 2 which is isolated from bovine bone. 

4. The preparation according to Claim 1 or 2 which is isolated from human bone. 

45 . 

5. A method for isolating a preparation of an osteogenic protein according to any one of Claims 1 to 4 from deminer- 
alized bone tissue, said method comprising: 

(a) treating said demineralized bone tissue under aqueous conditions with a solubiltzing agent for said oste- 
so ogenic protein and thereby extracting the osteogenic factor into solution with said solubilizing agent; 

(b) subjecting said solution to size fractkDnation to recover a concentrated pool of proteins of molecular weight 
between about 10,000 and about 100,000 daltons; 

(c) subjecting said concentrated pool to a first chromatography step to recover an active preparation of proteins 
from a S-Sepharose column equilibrated with 6.0M urea containing 50 mM MES pH 6.5 by eluting the active 

^ preparation with 6.0 M urea containing 50 uM MES pH 6.5 and 0.5 M NaCI; 

(d) subjecting the activ preparation of step (c) to a buffer exchang step; 

(e) subjecting th activ preparation of step (d) to a second chromatography step to recover an activ prep- 
aration of proteins from a Q-Sepharose column equilibrated with 6 M urea containing 20 mM ethanolamine 
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pH 9.5 by luting the active preparation with 6.0 M urea containing 20 mM thanolamine pH 9.5 and 0.2 M 
NaCI; and 

(f ) subjecting the actrv preparation of step ( ) to a third chromatography step to recover an active preparation 
of prot ins from a C-18 high performance liquid chromatography column equilibrated with buffers containing 

5 trifluoroacetic acid and acetonitrile by luting the active preparation at concentrations between 35% and 45% 

acetonitrile; 

(g) isolating a preparation according to any one of Claims 1 to 4. 

6. A method for isolating a preparation of an osteogenic protein according to Claim 5 further comprising, between 
10 steps (f) and (g) the additional steps: 

(h) subjecting the active fraction of step (f ) to a fourth chronnatography step to recover an active preparation 
of proteins from a chelating-Sepharose column charged with CiP+ and equilibrated with 6 M urea containing 
50 uM Tris pH 7.5-6.0, 20 mM ethanolamine and 0.5 1^ NaCI by eluting the active preparation with 6 M urea 

IS containing 50 mM Tris pH 7.4-7.8 and 1 5 mM imidazole; 

(i) subjecting the active fraction of a step (h) to a fifth chromatography step to recover an active preparation 
of proteins from a phenyl-Sepharose column equilibrated with 6 M ureas containing 50 mM Tris pH 7.4-7.8 
and 25% ammonium sulfate by eluting the active preparation with 6 M urea containing 50 mM Tris pH 7.4-7.8; 
(j) subjecting the active preparation of step (i) to a sixth chromatography step to recover an active preparation 

20 of proteins from a C-18 high perfonnance liquid chromatography column equilibrated with buffers containing 

trifluoroacetic acid and acetonitrile by eluting the active preparation at concentrations between 25% and 45% 
acetonitrile. 

7. A preparation of an osteogenic protein according to any one of Claims 1 to 4, characterized by the capacity of 
2S promoting oesteogenesis in a mammal and preparabte according to the method of Claim 5. 

8. A composition for use in a method for inducing bone formation in a mammal which composition comprises an 
effective amount of the osteogenic preparation of Claims 1 to 4 or 7. 

30 9. The composition of Claim 8 wherein said composition is administered admixed with a physiologically acceptable 
matrix material. 

10. The composition of Claim 9 wherein said composition is administered in the form of a device comprising a structural 
material encoated with osteogenic preparation admixed with a physiologically acceptable matrix material. 

35 

11 . A composition for implantation into a mammal comprising the preparation of osteogenic factor according to Claims 
1 to 4 or 8 admixed with a physiologically acceptable matrix material. 

12. The composition according to Claim 11 wherein said physiotogically acceptable matrix material is selected from 
^ the group consisting of tricalcium phosphate, hydrbxyapatite, collagen, plaster of paris thermoplastic resins, poly- 
lactic acid, polyglycolic acid and polycaprolactic acid. 

1 3. A device for implantation Into a mammal comprising a structural member encoated with the composition of Claim 11 . 

^ 14. A preparation according to any one of Claims 1 to 4 wherein the one of said subunits is encoded by a purified and 
isolated nucleic acid comprising a nucleotide sequence selected from the group consisting of: 

the nucleotide sequence as shown in Figure 17; 

a nucleotide sequence which encodes the same sequence of amino acids as encoded by the nucleotide se- 
so quence shown in Figure 17; 

a nucleotide sequence which is horTK)logous with 80% of the nucleotides shown in Figure 1 7 and which encodes 
a polypeptide having osteogenic activity; and a nucleotide sequence which would be homologous with 80% 
of the nucleotides shown in Figure 17 but for the redundancy of the genetic code and which encodes a poly pep* 
tide having osteogenic activity. 

55 

15. A process for the preparation of an ost ogenic protein according to claim 1 consistingof a heterodimer of a polypep- 
tide monomer characteriz d by th internal sequence of : 
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LYLDENEK, XWLKNYQDMV, XEKWUCNYQDM, or WEGXGXR, 

and a polypeptide monomer characterized by an amino-terminal amino acid sequenc of: 
5 STGGKQRSQNRSKTPKNQEA or by an internal amino acid sequence of: 

XATNHAIVQTLVHFIN. the process comprising the steps of cutturing in a suitable culture media one or more cell 
lines transformed with nucleic acid sequences encoding said polypeptides fomriing a heterodimer of said polypep- 
tide monomers by linking them with at least one disulfide bond, and isolating said heterodimer. 

10 

Patentanspruche 

1. Ein Praparat eines osteogenen Proteins, das gekennzeichnet ist durch ein Molekulargewicht von etwa 31 .000 bis 
etwa 34.000 Datton, wie charakterisiert durch nicht-reduzierende denaturierende Gelfiltration und weiterhin durch 

IS das Merkmal der Elutton bei Acetonitrilkonzentrationen zwischen 35 % und 45 % von einer Umkehrphasen-Hoch- 

leistungsflussigchromatographie-Saule, die mit Puffem aquilibriert ist, die Wasser, Acetonitril und zwischen 0,025 
% und 0,05 % Trifluoressigsaure enthalten, wobei das osteogene Protein ein Heterodimer aus zwel nk:ht identi- 
schen Untereinheiten umfaBt die miteinander verbunden sind mittels mindestens einer DisulfidbrOcke, und in 
seinem reduzierten Zustand mindestens eine Proteinuntereinheit aufweist, die auf reduzierenden Natriumdode- 

20 cylsufalt-Polyacrylamid-Gelen mit Proteinen innerhalb des Molekulargewichtsbereiches von 17.500 bis 19.000 

Oder im Berelch von 16.000 bis 17.500 Datton co-migriert, wobei eine der Untereinheiten des Heterodimers ge- 
kennzeichnet ist durch eine aminoterminale Sequenz aus: 

^5 STGGKQRSQNRSKTPKNQEA 

Oder gekennzeichnet ist durch eine interne Aminosauresequenz aus: 

XATWHAIVQTLVKFIW* 

und die andere Untereinheit des Heterodimers gekennzeichnet ist durch die inteme Sequenz aus: 

55 LYLDEWEK, XWLKWYQDMV, XEKWLKNYQDM Ofler WEGXGXR, 

wobei X eine unbestimmte Aminosaure darstellt. 
40 2. Das Praparat nach Anspruch 1 , wobei die durch eine aminoterminale Sequenz aus 

STGGKQRSQNRSKTPKNQEA 

4S gekennzeichnete Untereinheit Asparagin-verknupftes Kohlenhydrat enthalt. 

3. . Das Praparat nach Anspruch 1 Oder 2, das aus Rinderknochen isoliert ist. 

4. Das Praparat nach Anspruch 1 Oder 2. das aus menschlichem Knochen isoliert ist. 

so 

5. Ein Verfahren zum Isolieren eines Praparates eines osteogenen Proteins nach einem der Anspruche 1 bis 4 aus 
demineralisiertem Knochengewebe, wobei das Verfahren umffaGt: 

(a) das demineralisierte Knochengewebe unter wassrigen Bedingungen mit einem Solubilisierungsmittel fur 
ss das osteogene Protein zu b handein und dadurch den osteogenen Faktor mit besagtem Solubilisierungsmittel 

in Losung zu extrahieren; 

(b) die Losung der GroBenfraktionierung zu untenwerfen, um einen konzentrierten Pool aus Proteinen mit 
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einem Molekulargewicht zwischen etwa 10.000 und etwa 100.000 Dalton wiederzuerhalten; 

(c) den konzentrierten Pool inem ersten Chromatographieschritt zu unlerwerf en, um ein aktives Praparat aus 
Proteinen von einer S-Sepharos -Saule wiederzu rtiatten, die mit 50 mM MES pH 6.5 enthaltendem 6.0 M 

5 Hamstoff aquilibriert ist, durch Eluieren des akliven Praparates mit 6.0 M HamstofJ. der 50 uM MES pH 6,5 

und 0.5 M NaCI enthalt; 

(d) das Praparat aus Schritt (c) einem Pufferaustauschschritt zu untenwerfen: 

10 (e) das aktive Praparat aus Schritt (d) einem zweiten Chromatographieschritt zu unterwerfen, um ein aktives 

Praparat aus Proteinen von einer Q-Sepharose-Saule zu erhatten, die mit 6 M Harnstoff aquilibriert ist, der 
20 mM Ethanolamin pH 9,5 enthalt, durch Eluieren des aktiven Praparates mit 6.0 M Harnstoff, der 20 mM 
Ethanolamin pH 9.5 und 0.2 M NaCI enthalt; und 

IS (f) das aktive Praparat aus Schritt (e) einem dritten Chromatographieschritt zu unterwerfen, um ein aktives 

Praparat aus Proteinen von einer C-18-HochleistungsflOssigchromatographle-SauIe zu erhalten. die mit Puf- 
fem aquilibriert ist, die Trifluoressigsaure und Acetonitril enthalten, durch Elution des aktiven Praparates bei 
Acetonitrilkonzentrationen zwischen 35 % und 45 %; 

20 (g) ein Praparat nach einem der AnsprOche 1 bis 4 zu isolisren. 

6. Ein Verfahren zum Isolieren eines Praparates eines osteogenen Proteins nach Anspruch 5, welches welter, zwi- 
schen den Schritten (f) und (g). die zusatzlrchen Schritte umfaQt: 

25 (h) die aktive Fraktion aus Schritt (f) einem vierten Chromatographieschritt zu unterwerfen. um ein aktives 

Praparat aus Proteinen von einer chetatisierenden Sepharose-Saule wiederzugewinnen, die mit Ci^* beladen 
und mit 6 M Harnstoff aquilibriert ist. der 50 uM Tris pH 7,5 - 8,0. 20 mM Ethanolamin und 0.5 M NaCI enthalt. 
durch Elution des aktiven Praparates mit 6 M Hamstoff, der 50 mM Tris pH 7.4 - 7.8 und 1 5 mM Imidazol enthalt; 

30 (i) die aktive Praktion aus Schritt (h) einem funften Chromatographieschritt zu unterwerfen, um ein aktives 

Praparat aus Proteinen von einer Phenyl-Sepharose-Saule zu erhalten, die mit 6 M Harnstoff aquilibriert ist, 
der 50 mM Tris pH 7.4 - 7,8 und 25 % Ammoniumsuifat enthalt, durch Eluieren des aktive Praparates mit 6 M 
Hamstoff, der 50 mM Tris pH 7,4 - 7,8 enthalt; 

35 (j) das aktive Praparat aus Schritt (i) einem sechsten Chromatographieschritt zu unterwerfen, um ein aktives 

Praparat aus Proteinen von einer C-18-Hochleistungsflussigchromatographie-Saule zu erhalten, die mit Puf- 
fem aquilibriert ist, die Trifluoressigsaure und Acetonitril enthalten, durch Elution des aktiven Praparates bei 
Acetonitrilkonzentrationen zwischen 25 % und 45 %. 

40 7. Ein Praparat eines osteogenen Proteins nach einem der AnsprOche 1 bis 4, gekennzeichnet durch die Fahigkeit, 
Osteogenese in einem Saugetier zu fordern und herstellbar nach dem Verfahren von Anspruch 5. 

8. Eine Zusammensetzung zur Venwendung in einem Verfahren zum Induzieren von Knochenbildung in einem Sau- 
getier, wobei die Zusammensetzung eine wirksame Menge des osteogenen Praparats nach den Anspruchen 1 

45 bis 4 Oder 7 umfaBt. 

9. Die Zusammensetzung nach Anspruch 8. wobei die Zusammensetzung mit einem physiologisch akzeptablen Ma- 
trixmaterial gemischt verabrefcht wird. 

so 10. Die Zusammensetzung nach Anspruch 9, wobei die Zusammensetzung in der Form einer Vorrichtung verabreicht 
wird, die ein Strukturmaterial umfaBt, das mit einem osteogenen Praparat umhullt ist. das mit einem physblogisch 
akzeptablen Matrixmaterial gemischt ist. 

11. Eine Zusammensetzung zur Implantation in ein Saugetier, die das Praparat eines mit einem physbloglsch akzep- 
55 tablen Matrixmaterial gemischten osteogenen Faktors nach den AnsprOchen 1 bis 4 oder 8 umfaBt. 

12. Die Zusammensetzung nach Anspruch 11 , wobei das physiotogisch akzeptable Matrixmaterial ausgewahlt ist aus 
der Gruppe. die aus Tricalciumphosphat. Hydroxyapatit. Collagen, gebranntem Gips, thermoplastischen Harzen, 
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Polymilchsaur . Polyglykolsaure und Polycapromilchsaure besteht. 

13. EineVorrlchtungzur Implantation in in Saugetier, di ein Strukturelennent umtaOt. das mit der Zusammensetzung 
nach Anspruch 11 umhOItt ist. 

5 

14. Ein Praparat nach einem der Anspruche 1 bis 4, wobei die eine der Untereinheiten durch eine gereinigte isolierte 
Nuktelnsaure codiert ist. die eine Nukleotidsequenz umfaOt. die ausgewahit ist aus der Gruppe bestehend aus: 

der NukteotidsequenZt wie in Fig. 17 gezeigt; 

10 

einer Nukleotidsequenz, die dieselbe Sequenz aus Aminosauren codiert. wie durch die in Fig. 17 gezeigte 
Nukleotidsequenz codiert; 

einer Nukleotidsequenz, die mit 80 % der in Fig. 1 7 gezeigten NukleotWen homotog ist. und die ein Polypeptid 
IS mit osteogener Aktivitat codiert; und einer Nukleotidsequenz, die ohne die Redundanz des genetischen Codes 

mit 80 % der in Fig. 17 gezeigten Nukleotiden homolog ware, und die ein Polypeptid mit osteogener Aktivitat 
codiert. 

1 5. Ein Verfahren zum Herstellen eines osteogenen Proteins nach Anspruch 1 , das aus einem Heterodlmer aus einem 
20 Polypeptidmonomer. das gekennzeichnet ist durch die interne Sequenz aus: 

LYLDENEK, XWLKNYQDMV, XEKWLKNYQDM Oder WEGXGXR 

2S und einem Polypeptidmonomer. das gekennzeichnet ist durch eine aminoterminale Aminosauresequenz aus: 



STGGKQRSQNRSKTPKNQEA 
30 Oder durch eine interne Aminosauresequenz aus: 

XATWHAI VQTLVHFIN 

3S besteht, wobei das Verfahren die Schritte umfaBt, Kultivieren einer Oder mehrerer Zellinien, die mit Nukleinsaure- 
sequenzen transformiert sind, die die Polypeptide codieren, in einem geeigneten Kulturmedium, Bilden eihes He- 
terodimers aus den PolypeptidnrK)nomeren indem sie mit mindestens einer Disulfidbrucke verbunden werden und 
Isolieren des Heterodimers. 

40 

Revendlcatlons 

1. Pr6paratk)n comprenant une prot6ine ost6og6ne, caract6ris6e par une masse mol§culaire d'environ 31 000 ^ 
environ 34 000 daltons, telle que caract6ris6e par filtration sur gel d^naturante, non r6ductrice, et en outre par la 

45 caract6ristique d'^lutton d des concentrations comprises entre 35 et 45 % d'ac6tonitrile, k partir tfune colonne de 

chromatographie liquide h haute performance en phases invers6es, §quilibr6e avec des tampons contenant de 
I'eau, de I'ac^tonitrile et entre 0.025 et 0.05 % d'acide trifluoroac6tique, ladite prot6ine ost6ogfene comprenant un 
hdtdrodimdre de deux sous-unit6s non identk^ues relives Tune h I'autre par au nnoins un pont disulfure, et com- 
portant en son 6tat r6duit au moins une sous-unit6 prot6ique qui migre simultan6ment sur des gels de polyacryla- 

50 mide<kxJ6cylsutfate -de sodium avec des prot6ines dans la plage de masses mol§culaires allant de 17 500 & 19 

000 ou dans la plage de 16 000 ^17 500 daltons, I'une de ces sousHjnit6s de rh6t6rodim6re dtant caract6ris6e 
par la s6quence amino-terminale suivante: 

55 STGGKQRSQNRSKTPKNQEA 

ou dtant caractdris^e par la sequence d'aminoacides interne suivante: 
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XATNHAI VQTLVHF IN , 

et I'autre sous-unit6 dudit h^t^rcxlimdre 6tant caract6ris6e par la s^u nee int me suivante: 

I-YLDKNEK, XWLKNYQDMV, XBKWLKNYQDM OU WEGXGXR 
X reprSsentant un aminoacide tnddtermind. 

Preparation selon la revendtcation 1, dans laquelle la sous-unitd caract^ris^e par la sequence amino-terminale 
suivante: 

STGGKQRSQWRS K:r PKNQEA 

contient un glucide lid k Pasparagine. 

Preparation selon la revendtcation 1 ou 2, qui est Isolde k partir d'os bovin. 
Preparation selon la revendicatbn 1 ou 2. qui est Isolde k partir d'os humain. 

Procdde pour I'isolement d'une preparation d*une proteine osteogene selon Tune quelconque des revendtcations 
^kA,h partir de tissu osseux demineralise. ledit procdde comprenant: 

(a) le traitement dudrt tissu osseux demineralise, dans des conditions aqueuses, par un agent de solubilisation 
pour ladtte proteine osteogene. etainsi {'extraction du facteur osteogene en solutbn avec ledit agent de so- 
lubilisation; 

(b) la soumission de tadite solution k un fractionnement en fonction de la taille, pour recueillir un groupe de 
fractions concentrees de proteines k masse nrK^iecutaire comprise entre environ 10 000 et environ 100 000 
daltons; 

(c) la soumission dudit groupe de fractions concentrees k une premiere etape de chromatographie pour re- 
cueillir une preparation active de proteines k partir d'une colonne de S-Sepharose equilibrde avec de I'uree 
6,0 M contenant 50 mM de MES, pH 6,5, par eiution de la preparation active avec de I'uree 6,0 M contenant 
50 de MES, pH 6.5, et 0.5 M de NaCI; 

(d) la soumission de la preparation active de retape (c) ^ une etape d'echange de tampons; 

(e) la soumission de la preparation active de retape (d) k une seconde etape de chromatographie. pour re- 
cueillir une preparation active de proteines k partir d'une colonne de Q-Sepharose equilibree avec de I'uree 
6 M contenant 20 mM d'ethanolamine. pH 9,5. par eiution de la preparation active avec de I'uree 6,0 M con- 
tenant 20 mM d'ethanolamine, pH 9.5. et 0,2 M de NaCI; et 

(f) la soumission de la preparation active de retape (e) k une troisidme etape de chromatographie, pour re- 
cueillir une preparation active de proteines k partir d'une colonne de chromatographie liquide k haute perfor- 
mance C-18, equilibree avec des tampons contenant de I'acide trifluoroacetique et de I'aceconitrile. par eiution 
de la preparation active k des concentrations comprises entre 35 et 45 % d'aceconitrile; 

(g) I'isolement d'une preparation selon I'une quelconque des revendications 1^4. 

Procede pour I'isolement d'une preparation d'une proteine osteogene selon la revendication 5. comprenant en 
outre, entre les etapes (f) et (g), les etapes suppiementaires: 

(h) {'exposition de la fraction active de retape (f) k une quatrieme etape de chromatographie, pour recueillir 
une preparation active de proteines k partir d'une colonne de Sepharose cheiatrice chargee avec CiP+ et 
equilibree avec de I'uree 6 M contenant 50 |iM de Tris. pH 7,5-8,0. 20 mM d'ethalonamine et 0,5 M de NaCI, 
par eiution de la preparation active avec de I'uree 6 M contenant 50 mM de Tris. pH 7.4-7,8, et 15 mM d'imi- 
dazole; 

(i) la soumissbn d la fraction active de retape (h) k une cinquidme etape de chromatographie, pour recueillir 
une preparation activ de proteines k partir d'une colonne de phenyl-Sepharose equilibrde avec de I'uree 6 
M concenant 50 mM de Tris, pH 7,4-7,8, et 25 % de sulfate d'ammonium. par eiution de la preparation active 
avec de I'uree 6 M contenant 50 mM de Tris. pH 7,4-7,8; 
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(j) la soumission de la preparation active d r§tape (i) d une sixi^me 6tape de chromatographie, pour recueitlir 
une preparation active de protdines k partir d'une cotonne d chromatographie liquide k haute performance 
C-18 equilibr6e avec des tampons contenant de i'acide triftuoroacetique at de raceconitrile, par eiution de la 
preparation activ ^ des concentrations comprises entre 25 1 45 % d'ac6tonitril . 

Preparation d'une proteine osteogene selon Tune quelconque des revendications 1 k 4. caracterisee par ('aptitude 
h stimuler I'osteogenese chez un mammifdre, et pouvant etre obtenue selon le procede de la revendication 5. 

8. Composition pour utilisation dans un procede pour induction de I'osteogenese chez un mammifere. laquelle com- 
10 position comprend une quantite efficace de la preparation osteog6ne selon les revendications 1 4 ou 7. 

9. Composition selon la revendication 8, caracterisee en ce que ladite composition est administree en melange avec 
une substance de trame physiologiquement acceptable. 

IS 10. Composition selon la revendication 9» caracterisee en ce que ladite composition est administree sous la tonne 
d'un dispositif comprenant une matidre structurale revdtue avec une preparation osteog^ne meiangee avec une 
substance de trame physiologiquement acceptable. 

11. Composition pour implantation sur un mammif6re, comprenant la preparation de facteur osteog6ne selon les re- 
20 vendications 1 ^ 4 ou 8, en melange avec une substance de trame physiologiquement acceptable. 

12. Composition selon la revendication 11 , caracterisee en ce que ladite substance de trame physiologiquement ac- 
ceptable est choisie parmi le phosphate tricalcique. I'hydroxyapatite, le collagene, le pidtre de Paris, des resines 
thermoplastiques, le poty(acide lactique), le poly(acide glycolique) et le pofy(acide caprolactique). 

25 

13. Dispositif pour implantation sur un mammif6re, comprenant un element structural revetu avec la composition de 
la revendication 11. 

14. Preparation sebn I'une quelconque des revendications 1^4, dans laquelle Tune desdites sous-unites est codee 
30 par un acide nucieique purifie et isoie, comprenant une sequence nucieotidique choisie parmi: 

la sequence nucieotidique representee sur ta figure 17; 

une sequence nucieotidique qui code pour la mSme sequence d'aminoacides que celle codee par la sequence 
nucieotidique representee sur la figure 17; 
35 une sequence nucieotidique qui a une homologie de 80 % avec la sequence nucieotidique indiquee sur la 

figure 17 et qui code pour un polypeptide ayant une actlvite osteogdne; et 

une sequence nucieotidique qui aurait une homologie de 60 % avec la sequence nucieotidique representee 
sur la figure 17. abstraction faite de la redondance du code genetique. et qui code pour un polypeptide ayant 
une activite osteogdne. 

40 

15. Procede selon la revendication 1, pour la preparation d'une proteine osteogene consistant en un heterodimere 
d'un monomere polypeptidique caracterise par la sequence interne suivante: 

45 LrYLDBNEK, XWLKOTQDMV, XBKVyLKWyQDM ou WEGXGXR, 

et un monomdre polypeptidique caracterise par la sequence d'aminoacides amino-terminale suivante: 

so STGGKQRSQNRSKTPKWQBA 

ou par la sequence d'aminoacides terminale suivante: 

55 XAIHUAIVOTLVHFIN, 

le procede comprenant les etapes de culture, dans un milieu de culture approprie, d'un ou plusteurs lignees 
cellulaires transformees par des sequences d'acide nucieique codant pour lesdits polypeptides, de formation d'un 



5 

7. 
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hdtdrodimdre desdits monomdres potypeptidiques. par liaison ds ceux-cl k Patde d'au moins une liaison dtsulfure, 
et d'isolement dudit h^t^rodim&r . 
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Fig. 17 
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Fig. 18 
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Fig. 19A 
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Fig. 19B 
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box CaatAAatCcagCtctcAtCAOOActCCtccaOjiATOtCCAgtGTtGgAG 
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